P.J.Frosch 
J.D. Johansen 
I.R. White 
(Eds.) 







Beneficial 
and Adverse Effects 






Springer 



P. J. Frosch • J. D. Johansen • I. R. White (Eds.) 
Fragrances: Beneficial and Adverse Effects 




springer 

Berlin 

Heidelberg 

New York 

Barcelona 

Budapest 

Hong Kong 

London 

Milan 

Paris 

Santa Clara 

Singapore 

Tokyo 




P. J. Frosch • J.D. Johansen ■ I.R. White (Eds.) 



FRAGRANCES 

Beneficial and Adverse Effects 



With Foreword by H. M oiler 



With 33 Figures (Some in Colour) 
and 42 Tables 



Springer 





Prof. Dr. med. Peter J. Frosch 
Stadtische Kliniken Dortmund, Hautklinik 
and Department of Dermatology, 

University of Witten/Herdecke 
BeurhausstraCe 40, D-44137 Dortmund, Germany 

Dr. Jeanne Duus Johansen 

University of Copenhagen 

Gentofte Hospital, Department of Dermatology 

Niels Andersen Vej 65, DK-2900 Hellerup, Denmark 

Dr. Ian R. White 

St. John’s Institute of Dermatology 
St. Thomas’ Hospital 
London SEI 7EH, England 



ISBN- 1 3 : 978-3-642-80342-0 e-ISBN- 1 3 : 978-3-642-80340-6 
DOI: 10.1007/978-3-642-80340-6 

Library of Congress Catalogin-in-Publication Data 
Fragrances : beneficial and adverse effects / P. J. Frosch, J.D. 

Johansen, I. R. White (eds.). 
p. cm. 

Includes bibliographical references and index. 

1. Perfumes - Toxicology. 2. Perefumes. I. Frosch, Peter J. 

II. Johansen, J. D. (Jeanne Duus) III. White, I. R. (Ian R.) 

RA 1270.P37F73 1998 
615.9’51 - dc21 



This work is subject to copyright. All rights are reserved, whether the whole part of the material is concerned, 
specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction 
on microfilm or in any other way, and storage in data banks. Duplication of this publication or parts thereof 
is permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current 
version, and permission for use must always be obtained from Springer- Verlag. Violations are liable for 
prosecution under the German Copyright Law. 

© Springer- Verlag Berlin Heidelberg 1998 
Printed in Germany 

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, 
even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use. 

Product liability: The publishers cannot guarantee the accuracy of any information about dosage and 
application contained in this book. In every individual case the user must check such information by consult- 
ing the relevant Uterature. 

Cover design: Design & Production, Heidelberg 
Typesetting: Fotosatz-Service Kohler ohg, Wurzburg 

The text printed in this book was taken directly from data supplied by the editors. 

SPIN: 10545329 23/3134 - 5 4 3 2 1 0 - Printed on acid-free paper 




Foreword 



Satellite symposia of a commercial nature are frequent additions to scientific 
meetings. The organisers of the Jadassohn Centenary Congress (a joint meet- 
ing of the European Society of Contact Dermatitis and the American Contact 
Dermatitis Society, London, October 1996) chose to start their meeting with a 
thematic symposium independent of any drug or cosmetic promotion. Doing 
this, and taking “Fragrances” as a theme, was motivated by the need for in- 
formed debate on an important medical and environmental issue without the 
bias that sponsorship brings. 

That time is now remote when perfumes were applied exclusively as such on 
the skin in order to attain a specific odour for the purpose of increasing the 
powers of attraction and self-esteem, in many cases also with the aim of cover- 
ing a malodour. The next stage of the evolution of fragrance use was their 
addition to skin care products such as cleansers and emollients. Today, 
fragrance use is ubiquitous and they are present in a multitude of products not 
primarily designed for skin contact. Because of these many uses contact may 
occur from airborne perfumes and by daily social interaction. Consequently, 
in modern society nobody can avoid exposure to fragrances. 

The present volume demonstrates that the reported adverse effects of fra- 
grance compounds are relatively few in relation to the vast amounts used. 
However, irritant and allergic skin reactions do occur and many of these are 
not reported to manufacturers and physicians. Nevertheless, those reactions 
investigated by dermatologists and diagnosed by patch testing constitute a 
very substantial part of all contact allergies seen in dermatological practice. 
In females, contact allergy to fragrances is usually second in frequency 
after nickel allergy; in males, in many laboratories fragrance has become 
number 11 

The above leads to a need for a much increased understanding of the 
biology and chemistry of fragrance materials. Also required are improved 
methods to diagnose skin disease induced by fragrances: irritant and photo- 
toxic reactions, contact and photocontact allergy as well as contact urticaria. 
The medical community and the fragrance industry are very interested in 
the prevention of skin damage caused by fragrance compounds. Therefore, 
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Foreword 



predictive testing of fragrance materials, a politically somewhat debated issue, 
is covered in the present volume. 

Being comprehensive, the symposium also discussed the beneficial effects 
of fragrances, primarily as psychosocial means of interpersonal communica- 
tion. Also, we learnt of the importance of fragrance signals in the insect king- 
dom. 

Quite clearly, this book covers an essential area of dermatology. It certainly 
needs no scented cover to attract readers! 

Malmo 1997 Halvor Moller 

President, European Society of Contact Dermatitis 




Preface 



We all agree that the use of fragrances enriches our lives. Who does not like the 
marvellous bouquet of fragrances emanating from fresh flowers? Youth and 
beauty are associated with a refreshing odour but death and decay with a bad 
smell. 

Man’s use of perfumes can be traced back to ancient times. Beautiful glass 
flasks bear witness that the Romans produced a large variety of scented mate- 
rials. Oils extracted from fruits and plants were used for baths and emollients; 
fine perfumes were kept in valuable flacons. 

The art of perfumery has come a long way since. Nowadays it is a world- 
wide multibillion dollar business. Fragrances are ubiquitous. Advertising has 
created a fascinating world where dreams come true and youth, power and 
sexual success are directly linked to specific products. Famous designers have 
developed their own lines of after shave, perfume, body lotion, and deodorant. 
Today, it is rare to find a person who does not regularly use any perfumed 
article. There are now “special” fragrances for children. 

The editors of this volume observe the side effects of fragrances in use. The 
well-known “Berloque Dermatitis” resulting from phototoxic furocoumarins 
in oil of bergamot presents with an acute inflammatory reaction and an often 
longstanding hyperpigmentation. Although this complication is now un- 
common due to purification methods by manufacturers, dermatologists 
continue to diagnose allergic contact dermatitis to fragrances. Fragrances are 
the most frequent single cause of cosmetic allergy according to recent studies. 
Allergic reactions to the “fragrance mix” -- a screening tool used for patch 
testing - are among the leading contact allergens, in most studies only 
surpassed by nickel in women. Dermatological patients in a patch test clinic 
show a frequency of positive reactions to the fragrance mix in the range of 5 % 
to 11%. In the general population this figure may be l%-2% according to a 
Danish study. Although not all of these reactions are clinically meaningful, 
adverse reactions to scented materials are by no means rare. They often cause 
considerable discomfort, require medical attention and are a burden for the 
highly sensitised patient. Individuals may react after airborne contact and 
may have to avoid elevators or shopping areas where perfumery is on display. 
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Preface 



There are publications regarding the chemistry and methods of producing 
perfumes. They are primarily directed towards cosmetic manufacturers. This 
book is intended to fill the painful gap with regard to clinical aspects. For the 
first time a series of chapters by renowned experts covers important research 
areas in the field of fragrances, with molecular aspects of sensitization, fre- 
quency and clinical picture, diagnostic methods, and new and old sensitizers 
discussed. Special emphasis is placed on safety aspects regarding absorption 
in humans and various in vivo and in vitro techniques for predicting the 
irritating, sensitizing and phototoxic potential of fragrance materials. The 
musk fragrances have caused considerable concern regrading accumulation in 
animal tissue and the environment. The producers and their self-monitoring 
institutions (RIFM, IFRA) have also contributed. It becomes clear that their 
effort has been substantial: guidelines for safe use have been suggested based 
on numerous animal and human studies. Some compounds have been banned 
because of the high risk of sensitization or neurotoxic hazards; others now 
cause fewer adverse effects after purification or concentration limits have been 
followed. 

There is no doubt that progress has been made in improving the safety 
standards of fragrances. However, the figures on adverse effects reported by 
dermatologists worldwide suggest that the safety procedures employed so far 
are not sufficient. Some fragrances are produced in thousands of tons each 
year and they are applied by millions of people, often for many years. Materials 
with a very low potential for adverse effects escape the laboratory screening 
methods available today. A close surveillance system with full cooperation of 
manufacturers, dermatologists, pharmacologists, toxicologists, epidemio- 
logists and consumer agencies is overdue. Only a combined effort will lead to 
a decrease of the ‘'fragrance problem”. A good example of successful coopera- 
tion between dermatologists and manufacturers is the story of “pigmented 
cosmetic dermatitis” in Japan. In the 1960s an epidemic occcurred among 
women who presented with bizarre hyperpigmentations of the face. 
Ingredients of cosmetics were finally discovered as the culprit: coal-tar- 
derived dyes and various fragrances. On the basis of extensive patch test 
studies, Nakayama and colleagues developed the “allergen control system” 
(ACS) for the production of safer cosmetics. After major cosmetic companies 
in Japan avoided or reduced the concentration of these chemicals the number 
of patients suffering from this disfiguring condition sharply declined. 

Legislation is still very “generous” about fragrances as important ingredients 
of cosmetics. We need global regulations for materials which are distributed 
worldwide in large quantities. It can no longer be tolerated that some manu- 
facturers sell their perfume as an artful creation but as a “black box” regarding 
the constituents and safety data. Some of them do not even respect the safety 
recommendations of their own industry. 
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To increase the safety standard of fragrance compounds and provide more 
transparency in the data was the consensus of a 1-day symposium held in 
London, October 9, 1996, on the occasion of the Jadassohn Centenary Con- 
gress of the European Society of Contact Dermatitis. During the preparation 
of this symposium the organizers came to realize that the role of fragrances is 
under intensive research in other biological areas such as neurophysiological 
mechanisms and psychological aspects - finally, structures have been identi- 
fied in human body secretions which might be a key for the attractiveness of 
sexual partners. The saying “I cannot stand the smell of him” might have a real 
biological odoriferous basis! 

A new fascinating research area is the use of fragrances in the control of 
insects as a “biological weapon” in vineyards and other agricultural areas. The 
basis for this is the discovery of fragrances as an important communication 
tool among insects, bees and many other animals. It is therefore a pleasure to 
the editors that a few papers deal with effects which definitely can be termed 
“beneficial”. 

The editors wish to express their gratitude to Springer- Verlag, particularly 
to Dr. W. WiEGERS and Mrs. B. Fingerhuth, for supporting the project and 
facilitating publication without delay. 

Dortmund/Copenhagen/London P. J. Frosch 

J.D. Johansen 
I. White 
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Parti 
The Basics 




The Art of Creating a Perfume 

U. Harder 



A perfume is a composition of odorous ingredients generally diluted with 
ethyl alcohol and experienced over a certain time frame. To bear an artistic 
and aesthetic value its constituents must be selected and quantified deliberat- 
ely to form a specific olfactory shape which should be recognizable, interesting 
and harmonious. The aim of a perfume is to improve the quality of life by 
underlining the personality, attractiveness and well-being of its bearers. 

The history of perfumery goes back to the early days of civilized man. For 
approximately 3000 years perfumers have been creating fragrances. Over the 
centuries the role of fragrance in society has blossomed. As the level of tech- 
nology has developed, the perfumers have refined their skills. Today, the occu- 
pation of the perfumer is a well-established, but rather rare profession. World- 
wide there exist less than 1000 professional perfumers. The prerequisites for 
this profession include the following skills: memory for odours and their 
characteristics and an artistic talent. 

The perfumer’s talent in designing a perfume can be seen in the ability to 
combine the diverse range of fragrance ingredients into complex fragrances. 
In order to create a modern perfume the perfumer carries out hundreds of 
experiments to determine the optimal balance of the ingredients. In a finished 
fragrance the number of ingredients can reach into the hundreds - including 
the components of complex natural products and pre-fabricated ‘‘bases”. 
A modern collection of raw materials contains 1000-3000 ingredients. In a 
well-balanced and constructed fragrance the materials have been arranged by 
the perfumer in a way that they interact and develop in a continuous and 
harmonious order. 

Since a fragrance character evolves over time, the volatility of all raw mate- 
rials play a decisive role. The most volatile ingredients are called “top notes” 
(citrus, green-leafy, herbaceous, aldehydic, fruity and spicy); this is then 
followed by the “bouquet” or “heart note” built up by floral accords, forming 
the most essential part of the perfume; the long-lasting materials must be lear- 
ned as “bottom” or “dry-down” notes. These include woody, moss-like and 
sweet vanilla-like ingredients together with animal elements, mostly of musky 
character. 
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The talent of a perfumer in designing a perfume can be seen in his ability 
to combine components from different odour families and of different vola- 
tility in a way that a continuous development of the fragrance without frac- 
tures is achieved - with the aim to evoke emotions and passions. 

Since ancient times there have been certain fundamental rules concerning 
the structure of a perfume. The framework is built up by ingredients reminis- 
cent of our natural environment; these mostly belong to the floral, balsamic 
and woody family. To make the perfume sensual a small but very effective 
amount of ingredients recalling body odours is included. Typical ingredients 
out of the animal kingdom are musk and civet, which nowadays are usually 
replaced by musk-like aroma chemicals in larger quantities or specific blends 
based on such ingredients. The erogenous character is underlined by small 
amounts of fatty aldehydes and acids reminiscent of skin odours. Fresh citrus 
and leaf-like elements - together with spicy and fruity notes impart a more 
appealing character to the fragrance. 

The principle structures and patterns of perfumes have not changed that 
dramatically throughout the history of perfumery. The difference between an 
ancient and a modern perfume lies in different raw materials, a different 
price range and a different way of compounding. 

Until the second half of the nineteenth century the perfumer had at his 
disposal only products obtained by processing natural materials. Never- 
theless, in the course of time refined processes were developed to isolate 
materials of a better quality and variety of scents. These processes, in the 
sequence of their appearance, include maceration of plant materials, water 
steam distillation and extraction using organic solvents. A real revolution star- 
ted in the last quarter of the nineteenth century with the synthesis of aroma 
chemicals. The development of aroma chemicals can be divided into three 
periods, each of which inspired the perfumer to create specific fragrances. In 
the classical period from 1885-1950 the majority of aroma chemicals re- 
presenting the different fragrance categories were synthesized. 

In the industrial period, after World War and until approximately 1975, a 
new generation of inexpensive, stable and diffusive aroma chemicals were 
developed, fitting into the new mass market. In the third period - the period 
of trace components - extremely powerful so-called trace aroma chemicals 
were detected with the help of advanced analytic methods and afterwards syn- 
thesized; products which in many cases beside C, H and O also contain hetero 
atoms such as N and S. 

The different aroma chemicals periods are reflected in corresponding per- 
fume types. The first aroma chemicals of the classical period were mostly used 
in combination with a frame of rather expensive natural raw materials. 
Synthetic components in this case modified and modernized classical con- 
cepts. The perfumes stayed to be rather expensive and exclusive. 
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After World War II the role and the structure of a perfume started to 
change. Perfumes increasingly conquered the mass market. The price went 
down, and the perfume had to change its structure. More and more the per- 
fumer created perfumes based on rather inexpensive synthetic aroma chemi- 
cals. At the same time the individuality of the character was more pronounced. 
The skeleton of the fragrance was constructed with aroma chemicals, whereas 
the natural ingredients introduced volume and harmony. 

The trace aroma chemicals of the third period are used as characteristic 
elements in a new generation of perfumes. Modern fragrances in many cases 
have a rather simple structure using a combination of a few ingredients at high 
doses which never before had been used. In many cases these show a very good 
harmony in their development in a time frame. Due to the high dose of in- 
gredients the modern period is also called the epoch of ‘‘overdose”. The rather 
simple fundamental structure is now completed by adding trace aroma 
chemicals and other ingredients in smaller amounts. 

Today perfumery is an applied art, which is designed for the market. This 
market now depends on the entire cultural condition of a society together with 
fashion trends and the general life-style. Different fragrance world markets are 
based on completely different backgrounds. In the United States mostly 
characteristic, powerful and diffusive perfumes are worn. In Japan, on the 
other hand, the perfume should be discreet and unobtrusive with the aim of 
being in harmony with the environment and society. 

When creating a new perfume the perfumer has basically three different 
possibilities. The new idea can be based on a novel accord, an impression or a 
variation of an existing concept. New accords are presumably the most crea- 
tive possibilities for novel perfumes. Accords in perfumery must be under- 
stood in a similar way as in music: a combination of a few ingredients leading 
to a new fragrance impression which is different from the sum of the odours 
of the components. The ratio of the ingredients even in a very simple accord 
are largely unpredictable. In many cases a new accord contains a novel, most- 
ly synthetic, but sometimes also natural ingredient. 

The second creative approach for a new perfume is the interpretation of an 
impression. This impression may be the scenery of a Mediterranean coastline 
or an Oriental bazaar. The third and most frequently used method to obtain 
novel fragrance concepts is the variation of existing perfume ideas. This can 
be done by changing a floral element (e.g. hyacinth for carnation) or a woody 
part against a sweet vanilla note. In spite of such rather small changes the per- 
formance of the new perfume might be quite different. 

Despite the ever increasing restrictions limiting the use of many traditional 
ingredients, perfume will continue to be a part of our cultural and social 
worlds. Through his creativity, the perfumer will overcome these new challen- 
ges and create modern novel perfumes. 




Cerebral Representation of Odour Perception 

G. Kobal and B. Kettenmann 



Introduction 

The cerebral representation of odour perception in man is poorly understood 
compared to other sensory modalities such as hearing, vision and touch. This 
may result partly from the lack of appropriate instruments for specific stimu- 
lation of chemosensors, making investigations of these systems extremely dif- 
ficult. Primary olfactory structures, namely the olfactory bulb, olfactory tract 
and piriform cortex, which have been studied in animal experiments, are also 
recognizable in humans (Price 1990). However, very little is known of neo- 
cortical regions that are involved in the processing of olfactory information. 
Findings in patients with brain lesions indicate that for the perception of 
odors the temporal lobe is of critical importance (Eichenbaum et al. 1983; 
Eskenazi 1986). 

Recent progress in the field of neuronal imaging has enabled study of the 
functional topography of the olfactory system in greater detail. Results ob- 
tained by positron emission tomography (PET) show that in addition to a bi- 
lateral increase of cerebral blood flow (CBF) in the piriform cortex, the insular 
cortex and the right orbitofrontal cortex are also activated by odorous stimu- 
lation (Zatorre et al. 1992). Another experiment using functional magnetic 
resonance imaging (fMRI) has also shown a significant bilateral increase of 
CBF in the piriform cortex and the orbitofrontal cortex (Koizuka et al. 1994). 
A major disadvantage of these two imaging techniques is their low temporal 
resolution. By olfactory event related potentials (Finkenzeller 1966; Allison 
and Goff 1967; Kobal and Plattig 1978; Kobal 1981; Kobal and Hummel 1988; 
for review see Kobal and Hummel 1991) it has become possible noninvasively 
to record the activity of cortical neurons in fractions of a second. Recently, 
magnetic source imaging (MSI) has been used to identify brain areas activa- 
ted after olfactory stimulation (Kettenmann et al. 1996). 

The general goal of magnetoencephalography (MEG) is to localize magne- 
tic fields measured at the surface of the scalp (Cohen 1972). These magnetic 
fields are generated by a number of cerebral neurons (electrically) active at the 
same time. Assuming that the human head is a spherical volume conductor 
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(Abraham-Fuchs al. 1988), and that electrical neuronal activity has the pro- 
perty of a current dipole possessing an electric field and a magnetic field, it is 
possible to calculate the location the orientation and the strength of the cur- 
rent sources creating the magnetic field measured at the surface of the sphere 
(Williamson and Kaufman 1981; Romani et al. 1982). In this model, not kno- 
wing the number of active dipoles, the magnetic field may be generated by one 
dipole or by several different ones (inverse problem; Helmholz 1853). Un- 
fortunately, this is the situation in the active brain, and therefore a unique 
solution can not be obtained. Additionally, a radial dipole does not produce a 
magnetic field that can be measured with the usual order of the magnetome- 
ter. This dipole is silent and cannot be localized. 

On the basis of a measured magnetic field a dipole position is estimated 
and followed by a nonlinear fit-strategy such as a Marquardt (1963) or Powell 
(1964) algorithm. With this procedure the location, strength and orientation of 
the theoretically determined dipole is iteratively changed in such a way that 
the magnetic field produced by this calculated dipole corresponds to the di- 
pole measured by the magnetometer. The statistical procedure leading to the 
so-called equivalent current dipole is a least-squares solution. An extensive 
description of the data analysis applied can be found elsewhere (Scholz and 
Oppel 1992). Naturally the accuracy depends strongly on the signal to noise 
ratio (SNR) of the measured data and additionally increases with increasing 
depth of the dipole within the sphere. Also, the localization accuracy is better 
for a dipole centered below the measurement grid than below the outer part of 
the measurement grid. For the situation in the brain this error can be estima- 
ted only by simulations (Hari 1988; Janday 1987; Meijs 1988; Barth 1986). 

By linking the magnetically defined equivalent current dipoles to the ana- 
tomical data of MRI (Stefan et al. 1990), it is now possible to visualize the loca- 
tion of activated areas in the subjects’ brain and to check them for their 
anatomical and physiological plausibility. 

In addition to these basic problems caused by physics, the reliability of the 
estimations is affected by external error sources, for example, magnetic noise 
cause by electronic devices or artifacts caused by the subjects themselves 
or the subjects’ organs, such as heart activity (Abraham-Fuchs et al. 1988; 
Hansen et al. 1988; for review see Hamalainen et al. 1993). 

Employing a whole-head neuromagnetometer (Helsinki, Finland), Ketten- 
mann et al. (1996) found bilateral activation in the superior temporal sulcus at 
approximately 700 ms using vanillin, phenylethyl alcohol and hydrogen sulfi- 
de. These three substances were chosen because they are specific odorants, i.e. 
do not activate the trigeminal nerve, and therefore more appropriate for stu- 
dying the sense of smell than those used by Zatorre and Koizuka (Beidler and 
Tucker 1956; Silver et al. 1986; Kobal and Hummel 1991; Hummel and Kobal 
1992; Doty etal. 1978). 
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The study presented here sought to confirm the results obtained with the 
whole-head magnetometer by employing a planar 37-channel sensor array 
(Erlangen, Krenikon), and additionally to identify the neuronal generators 
underlying the earlier components of the event-related potentials in the time 
interval between 200 and 700 ms after olfactory stimulation. 

Material and Methods 

Subjects 

Ten healthy volunteers participated in the experiments (5 men and 5 women; 
20-40 years of age, mean 28). They were carefully trained in avoiding eye 
blinking and other movement artifacts. Respiratory airflow in the nose that 
may affect the stimuli quantitatively was avoided by the subjects performing a 
special breathing technique (velopharyngeal closure, Kobal 1985). 

The study was conducted in accordance with the revised version of the 
Helsinki/Hong Kong Declaration and was approved by the Ethics Committee 
of the University of Erlangen-Nuremberg. 

Stimulation 

For olfactory stimulation an apparatus was employed which delivered the 
stimulants without altering the mechanical or thermal conditions at the 
mucosa (Kobal 1985; Kobal and Hummel 1988). This monomodal olfactory 
stimulation was achieved by mixing pulses of the odorants in a constantly 
flowing air stream (total flow rate 140 ml/s) with controlled temperature and 
humidity (36.5 °C, 80% relative humidity). Stimuli were applied nonsynchro- 
nously to breathing. Odor concentration was defined once in the beginning of 
the experiment by gas chromatography for vanillin. In case of H 2 S predefined 
concentrations in pressure gas cylinders (22 ppm) were used. Before each ses- 
sions the olfactometer was calibrated, and the concentration was calculated by 
the flow rate of dilution. 

The olfactometer was especially designed for this experiment. Twelve se- 
parately temperature controlled teflon tubings were fed through a grid with 
3 X 3 cm wholes, incorporated in the wall of the shielded room. This did not 
alter the quality of shielding (measured by frequency distribution). All parts 
of the olfactometer consisted of nonmagnetic materials such as teflon, silicon, 
plexiglas, glass, gas and water. Even at a distance of 5 m between the outlet of 
the olfactometer and the solenoid valves the olfactometer can provide steep 
increase of odor pulses, which was verified by measuring CO 2 pulses with a 
thermistor (for more details see Kobal 1985). Subjects were seated comfortab- 
ly in a magnetically shielded, ventilated chamber which could be monitored by 
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means of a video system. White noise (approximately 60 dB SPL) applied to 
both ears was used to mask the switching clicks of the stimulator. The sound 
was transfered via air conduction through two hollow plastic tubings which 
were used as a connection between an acoustic stimulator outside the shielded 
room and the subjects’ ears. Each subject participated in six experimental ses- 
sions on each of four experimental days (three experimental sessions for one 
nostril). In one experimental day either one of the two substances hydrogen 
sulfide (0.8 ppm) or vanillin (2.1 ppm) was tested with the sensor array posi- 
tioned over one hemisphere. Sites of sensor location (left/right hemisphere 
MEG recording) and application of the two odorants was randomized across 
experimental days. Three sessions were performed for each nostril. During 
each of the three sessions 30 stimuli of the same substance were applied byway 
of teflon tubing (6 cm length, 2 mm inner diameter). To avoid habituation an 
interstimulus interval (isi) of 40 s and a stimulus duration of 200 ms was used 
so that there was no residual odorant left in the tubings. Additionally, the three 
sessions performed for one nostril were separated by breaks of 10 min. Subse- 
quently data were averaged across these sessions if the head position of the 
subject had not changed (controlled by laser motion detector). 

Olfactory Event Related Potentials 

Olfactory event related potentials (OERP) were obtained from electrodes posi- 
tioned at the vertex (Cz/Al). They were used as temporal markers during the 
analysis of the magnetic responses. 

Olfactory Event Related Magnetic Fields 

The olfactory event related magnetic fields (OERMF) were obtained by means 
of a biomagnetic system (Siemens, Krenikon) with a sensor array of 37 first- 
order gradiometers (baseline 7 cm) in a circular arrangement of 19 cm dia- 
meter (Hoenig et al. 1991). It was possible to obtain isocontour plots from the 
region of interest without repositioning. Electroencephalographical (EEG) 
and MEG data were recorded with a sampling rate of 500 Hz, a bandpass 
filter 0.1-70 Hz and filtered offline with a 30 Hz lowpass digital filter. The 
source analyses were based on signals averaged from artifact free records 
(30<n<90). 

For data evaluation we used a map correlation 0.92, defined as: 

N 
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We used an interval length with a minimum of 0.006 s. The upper and lower 
limits for the strength of the reconstructed source was defined as 
> 0.007 < 0.03 mA mm (deduced from electrophysiology). 

Furthermore, an upper limit for the rate of change of the source strength 
was defined (factor < 10). The acceptable localization error was set to 20 mm 
as a maximum (defined as the area in which the equivalent current dipole has 
its possible location). 

A magnetic field was called consistent if it lasted over a minimum time 
period of 10 ms. As a result the field patterns were individually and interindi- 
vidually reproducible, equivalent current dipoles (ECDs) could be localized at 
nearly the same latency in about the same anatomical structure. 

The time of best fit (TOBF) for one BCD estimated gives the time point were 
the isofield map of this special BCD shows its best “map correlation”, which 
means that at this TOBF the measured map of the BCD has the best correlation 
with the theoretically calculated map, it has the smallest localization error and 
the best SNR. This does not mean that the neuronal source is only active at this 
time point. It can already start being active several milliseconds before and 
after this TOBF, but dependent on the actual situation it can be masked by 
additional neuronal activity from other sources. 

The SNR of the data determines the accuracy in biomagnetic source recon- 
struction. In order to increase the SNR we used the averaging procedure 
(Abraham-Fuchs et al. 1990). A vertical electro-oculogram was used to detect 
signals coinciding with eye blinks or movements. Records contaminated with 
BOG deflections >200 pV were rejected. The noise level of the pretrigger 
period of the averaged session was estimated and used as a baseline. The 
noise level of all 64 measurements was in the range of 0.00003 pT^ and 
0.000488 pT^, with a mean value of 0.000222 ± 0.000128 pT^. The signals of the 
BCDs were in the range of eight to ten times higher than the calculated noise. 
No average across sessions was calculated. 

MRI was used to provide accurate images of the brain’s anatomy. For the ali- 
gnment of the functional MEG information with this tomographic informati- 
on a head coordinate system, defined by the nasion and the two preauricular 
points, was created for each subject. Contrast giving water pellets (0.3 mm 
diameter) were attached to the subjects skin during the MRI, and subsequent- 
ly their locations were projected into the coordinate system of the MEG data. 
Individually shaped realistic conductor models which might provide better 
localization accuracy were not supported by the Krenikon software. To deduce 
the positioning of the subjects head with respect to the sensor array after head 
positioning the three landmarks were digitized with a 3-D digitizer (Isotrak, 
Polhemus Navigation Sciences, Colchester, VT, USA) and aligned with the 
coordinate system received from the MRI. This method of alignment presup- 
poses that the subject is not moving during the measurement since disloca- 
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tions can not be detected (controlled by a laser motion detector). To minimi- 
ze the possibility of moving, the head was stabilized with a vacuum pillow. 

Control measurements were carried out to exclude the possible contami- 
nation of the measured signals by tactile or auditory artifacts. Humidified 
blanks delivered to the nostrils did not result in activity in the MEG or in the 
EEG measurements. 

Results 

The signal quality of the evoked responses was sufficient for source localiza- 
tion in eight of the ten subjects. Consistent magnetic fields were identified in 
both hemispheres following the stimulation of each nostril. In 60% of the 
measurements reproducible dipolar field patterns were obtained 226-380 ms 
after stimulus onset, preceding or following the first major positive electric 
deflection of the event-related potential (PI). This equivalent current dipole 
was termed ECD 1. In 44% of the measurements a reproducible dipolar distri- 
bution was obtained 306-486 ms after stimulus onset, corresponding to the 
ascending or descending slope of the N1 component, which was termed 
ECD II. In the left hemisphere this dipole was not identifiable in any of the sub- 
jects after stimulation with hydrogen sulfide. It was identifiable only in the 
right hemisphere in 36% of the measurements. The most stable dipolar field 
pattern appeared 518-730 ms after stimulus onset (in 66% of the mea- 
surements; ECD III) corresponding to the P2 component of the electrical 
response. 

Figure 1 shows OERMFs recorded from one subject over the right hemis- 
phere after stimulation of the right nostril with vanillin. In this case ECDs with 
best fits were obtained at 238 ms (ECD I), 308 ms (ECD II) and 524 ms 
(ECD III) after stimulus onset. The source orientations indicated a current 
flow towards central/parietal regions for ECD I and ECD III. For ECD II a cur- 
rent-flow pointed in the opposite direction, consistent with the polarity of the 
peaks of the OERPs. 

In five subjects, and 14% of all measurements, all of the three ECDs could 
be identified during one session. In all other cases where ECD I was identified 
it was localized in the area between the superior temporal plane and the 
parainsular cortex. In seven out of eight patient a generator was localized in 
the left hemisphere after stimulation of the left nostril with vanillin. This was 
statistically significant (chi-square test: 4.5; df: l;p = 0.034). ECD II was locali- 
zed in the anterior-central parts of the insula. In seven out of eight patient this 
generator was localized in the right hemisphere after stimulation of the right 
nostril with vanillin. This was also statistically significant (chi-square test: 4.5; 
df: 1; p = 0.0339). ECD III was obtained in the superior temporal sulcus. In 
seven out of eight patient a statistical significance was obtained for this gene- 
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rator localized in the left hemisphere after stimulation of the left nostril with 
hydrogen sulfide (chi-square test: 4.5; df: 1; p = 0.0339). An example of the 
localizations after stimulation with hydrogen sulfide is given in Fig. 2. 

Intraindividually, spatial differences of localization sites for one type of 
BCD were less than 20 mm. Individually, the angle of orientation varied be- 
tween 10° and 30° in all three dimensions. The dipole strength varied between 
0.009 and 0.03 mA mm. 

Discussion 

Localization results of the OERFs demonstrated that odorants specifically 
activate neocortical areas, i.e., during the period of time when the ERP is 
obtained, areas between the superior temporal plane and the parainsular cor- 
tex, anterior-central parts of the insula and the superior temporal sulcus were 
active. These electro(magneto)physiological data confirm the hypothesis that 
there is a direct connection between primary olfactory areas and the insular 
cortex (Mesulam and Mufson 1982). Physiological and axonal tracer experi- 
ments in animals consistently demonstrated inputs from the primary olfac- 
tory cortical areas to the ventral agranular insular area (Clugnet and Price 
1987; Carmichael et al. 1994). 

The results of this study describing activity in the superior temporal sulcus 
(ECD III) also confirm findings of a previously published report using a 
whole-head neuromagnetometer (Kettenmann et al. 1996). These data indicate 
for the first time by different measurements, the activation of the superior 
temporal sulcus after olfactory stimulation. This finding is supported by the 
fact that there are axonal connections between the inferior orbitofrontal areas 
that receive input from specific olfactory structures, i.e. the primary olfactory 
cortex (Carmichael and Price 1995) and the superior temporal sulcus. With 
one exception both the dipole locations and the dipole orientations were 
reproducible for the responses after stimulation with both odorants. Hence, 
both odorants seem to activate similar cortical areas. The data also showed 
bilateral neocortical activation. This must be considered when discussing 
the hypothesis that olfactory input is primarily processed ipsilaterally to the 
stimulated nostril (Gordon and Sperry 1969; Youngentoub et al. 1982). 



^ 

Fig.l. Localization of neuronal activity after vanillin stimulation of the right nostril. Ex- 
ample of one subject. In this subject all three ECDs (ECD I-III) were obtained. Symbols, 
the active cortical regions in the axial and the coronal view (arrow size corresponds to the 
size of the dipole vector). Lower right, positioning of the sensor array and the model 
sphere used for calculation. The sensors are placed over the temporal lobe of the right 
hemisphere 
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Bquivalent Current Dipole 

Fig. 2. Localization of neuronal activity after hydrogen sulfide stimulation of the right 
nostril. Example of one subject. In this subject all three ECDs (ECD I-III) were obtained. 
Symbols, the active cortical regions in the axial and the coronal view (arrow size cor- 
responds to the size of the dipole vector) 
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Also in animal studies it has been demonstrated that there are bilateral 
connections between the anterior olfactory nucleus, the anterior part of the 
piriform cortex and neocortical areas. The fibers cross in the anterior com- 
missure and are distributed equally in both hemispheres (Price 1990). How- 
ever, there was one exception in the bilaterality of our results. We were not able 
to identify the BCD II in the left hemisphere after stimulation with hydrogen 
sulfide. This might indicate the coding of qualitative differences between 
hydrogen sulfide and vanillin. Of course, this hypothesis must be extensively 
tested using a larger scale of odorants. An earlier study demonstrated that 
amplitudes and latencies of OERPs elicited by vanillin and hydrogen sulfide 
are correlated with their hedonic properties (Kobal et al. 1992). Responses to 
hydrogen sulfide had significantly shorter latencies and smaller amplitudes 
after stimulation of the left nostril than to responses after stimulation of the 
right nostril. In contrast, latencies were longer when the left nostril was 
stimulated with vanillin and the amplitudes of the N1/P2 components were 
significantly larger than responses after stimulation of the other nostril. This 
finding was reproduced in another experiment where subjective estimates of 
the odorants showed that after stimulation of the left nostril, the more 
pleasant the perception of the odor was, the larger were the amplitudes and the 
longer were the latencies (Kobal et al. 1989). 

In the light of the results of the present study this could mean that different 
cortical areas are activated after stimulation with odorants of different he- 
donic properties. There is also some evidence for lateralization of hedonic 
information from clinical studies. Pleasant emotions seem to be processed 
predominantly by the left hemisphere and unpleasant emotions by the right 
hemisphere (Davidson 1984; Dimond et al. 1976). The missing BCD II in the 
left insular cortex following hydrogen sulfide stimulation may justify the 
speculation that the observed differences in the responses to vanillin and 
hydrogen sulfide have their origin in the asymmetrical activation of the insu- 
lar region. Of course, this does not yet explain why the differences in the OEP 
were observed only when left and right nostril stimulation was compared. 

Another indication for lateralization was found by Hummel et al. (1995) 
investigating patient suffering from temporal lobe epilepsy. When olfactory 
stimuli were presented ipsilaterally to the epileptic focus, peak latencies of the 
OERP were prolonged in comparison to OERPs obtained after contralateral 
stimulation. Additionally, the topographical distribution of the P2 component 
changed in patients with right-sided foci. In these patients the amplitude of P 2 
was maximal at Cz, whereas in previous studies in normal subjects, maximal 
P2 amplitudes were always obtained at Pz (Hummel et al. 1992; Livermore et 
al. 1992). 

The significance of olfaction in humans is stressed by the fact that olfactory 
dysfunctions can produce severe impairments in the quality of life. Infections 
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(e.g. postviral anosmia), degeneration (e.g. hyposmia in Alzheimer’s and 
Parkinson’s disease) or a tumor affecting the olfactory bulb (Murphy 1987) 
belong to those diseases not yet sufficiently curable. In addition, the sense of 
smell plays a role in complex and controversial discussed disorders, such as 
idiopathic environmental intolerances (Hummel 1996). It is interesting to 
hypothesize that the underlying pathology results in changes of cortical 
functions. Possible dislocations and plastic changes might be easily studied 
using the technique of MSI. 

In sum, for the first time, brain areas have been identified that generate 
some of the components of olfactory bioresponses (OERPs and OERFs), in 
humans. Deduced from our results we have strong evidence to believe that 
apart from the known primary olfactory areas these neocortical areas are of 
specific olfactory origin. 
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Beneficial Biological Effects 



The Structure, Origin and Function 
of Human Axillary Odours 

G. Preti, a. I. Spielman and J. J. Leyden 



Introduction 

Human body odours generally arise from the interaction of the resident 
microorganisms with skin gland and other secretions and are a function 
of the location on the body where the odor is being produced. The amounts 
of moisture and skin gland secretions as well as oxygen availability deter- 
mine the type and number of flora present on different areas of the body. 
The mouth, axillae, genital region and feet support greater varieties and 
numbers of bacteria due to their occluded and moist environment; con- 
sequently these are also the primary odor-producing areas found on humans 
[ 1 , 2 ]. 

Metabolic disorders such as diabetes or trimethylaminuria and micro- 
biological infections in certain areas will give rise to abnormal and sporadic 
malodor production [3, 4]. Although our research has examined several 
odor-producing areas at different times [4-6], the research presented here 
will focus upon the odor produced in the axillary region and its putative 
function. 

The identity of the volatile chemicals responsible for axillary odours (com- 
monly referred to as ‘‘body odour”) is of both commercial and biological 
importance. Commercially, more than 1.5 billion dollars a year are spent in the 
United States alone on products to eliminate, attenuate or mask the odours 
produced in the axillae. The axillae can support a large population of aerobic 
microflora because of moisture and secretions from eccrine, apocrine, 
apoeccrine and sebaceous glands. These microflora are responsible for axil- 
lary odour production. Several studies have demonstrated that diphtheroid 
bacteria are important odor producers, and apocrine gland secretions are the 
principle odour-producing substrate [7, 8]. 

Biologically, extracts of human axillary secretions from both males and 
females have been shown to alter the length and timing of the female men- 
strual cycle. The latter effect suggests that human axillary secretions contain 
physiologically active materials that function as primer pheromones capable 
of altering neuroendocrinology via chronic exposure. 
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The Characteristic Axillary Odours and Their Origin 

Prior to our recent research, a number of investigations of axillary secretion 
constituents focused upon the interesting steroidal molecules found in the 
underarm area. Both radioimmunoassay techniques as well as combined gas 
chromatography/mass spectrometry (GC/MS) were employed to identify 
volatile, odoriferous steroids in the axillae [9, 10], particularly 5a-androst-16- 
en-3^~ol (androstenol) and 5a-androst-16-en-3-one (androstenone). These 
compounds have musky, urine-like odors which were thought by some authors 
to be suggestive of axillary odors [7, 9, 10]. However, our recent studies have 
presented both organoleptic and analytical evidence to demonstrate that the 
mixture of Ce-Cu branched, straight-chained and unsaturated acids present in 
axillary sweat, constitute the characteristic axillary odor [11-13]. In terms of 
relative abundance, these acids, in particular (£)-3-methyl-2-hexenoic acid 
(E-3M2H), are present in far greater quantity that the Ci 9 A^^-volatile steroids. 
In the combined male samples we analyzed, E-3M2H is the dominant compo- 
nent and present at far greater concentration than androstenone: ~ 357 ng/pl 
extract of £-3M2H versus -0.5 ng/pl extract of androstenone [11]. In combi- 
ned female samples, the straight-chain acids were present in greater relative 
abundance than E-3M2H; further, no androstenone was seen in female ex- 
tracts. Androstenol was present, albeit in far lower concentration that E-3M2H 
or the other acids: -150 ng/pl extract of E-3M2H versus -3.5 ng/pl extract 
androstenol [13]. The Z-isomer of 3M2H is also present in each gender, how- 
ever in different relative abundance: 10:1 {E: Z) in males and 16:1 {E: Z) in 
females. 

Although E-3M2H is a major analytical component of the characteristic 
axillary odour in males, a number of components are necessary for the com- 
plete axillary “bouquet” (see Table 1). In addition, studies from both our 
laboratory [14] and another [15] have documented both the presence of a 
specific anosmia for both isomers of 3M2H and an olfactory threshold for the 
£-isomer that is of the same order of magnitude as that for androstenone [16]. 
Consequently, the strength and quality of the odour produced in the axillae 
appears to be related to the axillary bacterial populations and perhaps the con- 
centrations of 3M2H present, but further, rigorous organoleptic studies must 
confirm this. 

Studies performed and reviewed in the past several decades have demon- 
strated that the precursors to axillary odour reside in the apocrine glands 
[7-9, 17]. The characteristic axillary odours are a result of the interactions of 
odourless, aqueous soluble precursors present in apocrine secretions with the 
axillary microorganisms. We have examined ephinepherine-induced apocrine 
secretions and found that the water soluble components contain 3M2H and 
other constituents of the characteristic axillary odor bouquet bound, in some 
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Table 1. Volatiles constituting the characteristic axillary odour: compounds judged to be 
important contributors to the axillary odour by organoleptic evaluation of gas chromato- 
graphically separated axillary secretion extracts (adapted from [11] and [13]) 



Hexanoic acid 


7-Octenoic acid 


3-Methylhexanoic acid 


4-Ethyloctanoic acid 


4-Ethylpentanoic acid 


Unsaturated C9 acid^ 


(Z)-3-Methyl-2-hexenoic acid 


Unsaturated Cio acid^ 


«-Heptanoic acid 


4-Ethylnonanoic acid 


2-Methylheptanoic acid 


9-Decenoic acid 


(£)-3-Methyl-2-hexenoic acid 


10-Undecenoic acid 


n-Octanoic acid 
4-Ethylheptanoic acid 


Phenylacetic acid‘s 



Female odours also included trace amounts of (£)-3-methyl-2-pentenoic and (£)-3-methyl- 
2-octenoic acid. 

Also seen in the characteristic female odours. 

^ Identified as its trimethylsilyl ester, see [ 1 1 ] . 



fashion, to non-volatile molecules [ 12] . These odorants can be released by base 
hydrolysis (5% NaOH) or by incubation with bacteria [12], Separation and 
hydrolysis (by NaOH or enzymes) of the proteins found in apocrine secretions 
have demonstrated that 3M2H is carried to the skin surface bound to two pro- 
teins which we have designated as apocrine secretion odor binding proteins 1 
and 2 (ASOBl and 2). ASOBl and ASOB2 have apparent molecular weights of 
45 and 26 kDa, respectively, as measured by sodium dodecylsulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE; [18]). 

Antisera to each of these proteins were prepared using purified proteins 
pooled from several male donors. The antisera were employed to probe, by 
Western blotting, the proteins from a variety of body fluids (e.g., tears, 
forehead and areaolar sweat, submaxillary and parotid saliva, urine, ear wax, 
serum and nasal secretions). All fluids, except urine, contained an immunore- 
active protein with the same electrophoretic migration pattern as ASOBl; 
areaolar sweat and ear wax were also positive for ASOB2 [18]. Three of these 
body fluids (tears, nasal secretions and whole saliva) were separated into 
aqueous and organic soluble fractions and hydrolyzed to demonstrate that 
3M2H could be liberated from the aqueous soluble components, albeit at con- 
centrations far lower (<60-300x) than when this procedure is performed on 
apocrine secretions [18]. These results suggest a widespread distribution of an 
ASOBl -like protein and perhaps its bound odors in a variety of body fluids. 

Female apocrine secretion proteins have also been electrophoretically 
separated and probed with antisera to ASOBl and 2. The electrophoretic pat- 
tern of proteins and Western blotting was qualitatively similar to that for male 
apocrine secretion proteins [19]. 
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ASOBl and 2 were localized in biopsied axillary tissue from males and 
females [19]. Specific immunoreactivity was detected at antisera dilutions of 
1:4000, localized only in the apocrine glands. Eccrine and sebaceous glands 
showed no specific reactivity. No difference was noticed between the im- 
munoreactive pattern for ASOBl and 2. Male samples demonstrated higher 
immunoreactivity in the lumen of apocrine glands while females showed 
more immunoreactivity in the acinar structures [19]. 

Both the actual molecular weight and structure of ASOB2 purified by pre- 
parative SDS-PAGE have been determined using enzymatic digestions, sepa- 
ration of the resulting peptides (by high-performance liquid chromatography) 
and structure determination by matrix assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI-TOF-MS). These results deter- 
mined that the primary amino acid sequence of ASOB2 is identical to that of 
apolipoprotein D (apoD) [20]. This, as well as in situ hybridization using an 
anti-sense oligonucleotide probe for apoD mRNA, demonstrates that the site 
of expression for the apocrine secretion apoD is the apocrine gland. We also 
found that the glycosylation pattern of apoD from apocrine secretion differs 
markedly from that found for apoD in serum [20]. This demonstrates that 
apocrine apoD undergoes different post-translational modification than 
serum apoD. 

ApoD is a member of the p-microglobulin superfamily of proteins (also 

known as lipocalins) [21]. The physiological role of plasma apoD is not 
known. Although several putative ligands have been suggested by in vitro 
studies and theoretical considerations [22], our studies identify, for the first 
time, an in vivo ligand for apoD as it appears in apocrine secretion. We also 
determined that there is a 2:1 molar ratio of 3M2H to apocrine apoD. The 
significance of apoD being a member of the protein superfamily of lipocalins 
is further discussed below. 

ASOBl is also a glycoprotein produced within the apocrine glands; how- 
ever its identity is not completely known at this time. As noted above, antisera 
to ASOBl cross-reacts with 45 kDa proteins found in a variety of other body 
fluids, suggesting a broad distribution of a protein with similar antigenic sites. 
Consequently, our studies are focusing upon the identity of ASOBl and other 
proteins in the apocrine secretion and their role in odor production, as well as 
the levels of characteristic axillary odours in individual male and female 
donors. 

Do Axillary Components Function as Chemical Signals? 

The possibility that human odors may function as chemical signals or “phero- 
mones” has come under considerable discussion in both the scientific and 
popular press. Pheromones were first defined and researched in numerous 
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insect species. Chemical signals in insects are responsible for specific be- 
haviors, some of which involve genetic programming. These well-character- 
ized behaviors include attraction and copulation, and are mediated by chem- 
ical signals defined as releaser pheromones [23]. While some odor-mediated 
releaser effects have been documented in non-human mammals (i.e., pigs; 
[24] ), the more frequently documented effects of mammalian chemical signals 
has been endocrine alterations that may result in changes to estrous cycle 
length and timing [25], acceleration of puberty [26] induction of ovulation 
[27] and pregnancy block in recently mated females [28]. While many of the- 
se effects have been documented in rodents, similar effects have been reported 
in domestic animals [29, 30] and Old World primates [31]. The term, primer 
pheromone, is applied to chemical signals, such as these, that act to alter re- 
productive physiology via the hypothalamic-pituitary-gonadal axis. 

Although humans have rich sources of odour which can generate volatile 
chemical signals and an olfactory sensory system to receive them, our re- 
sponses to odour are mediated by past experience, context and numerous 
other sensory inputs. Consequently, one would not expect to see releaser 
pheromone effects in humans, and none have been rigorously documented. 
However, several studies have suggested that interpersonal relations among 
women as well as among men and women may affect the menstrual cycle by 
altering reproductive endocrinology. These relationships include the well- 
accepted menstrual synchrony effect first documented in all female living 
groups [32] and later replicated by others in co-educational facilities [33, 34]. 
Male stimuli also appear to alter menstrual cycle length and regularity [35]. 

Russell et al. [36] were the first to present evidence that menstrual syn- 
chrony may be mediated by axillary secretion components. Other studies have 
confirmed and extended these results [35, 37]. Consequently, axillary secre- 
tions appear to contain constituents that act as primer pheromones that are 
capable of altering neuroendocrine pathways. The identity of the active ingre- 
dient(s) is not currently known. However, our results suggest that if the odours 
that characterize the axilla are responsible for the alteration of menstrual 
cycles, then the chemistry involved is similar to that found in other mammali- 
an pheromone systems where proteins carry volatile, physiologically active 
molecules excreted from the body. In addition, apocrine apoD is a member of 
the lipocalin family of carrier proteins [21]. This further strengthens the 
remarkable similarity between human axillary secretions and non-human 
mammalian odor sources where lipocalins have been shown to carry chemical 
signals used in pheromonal communication [38, 39]. 
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Communication by Odour - The Influence of Body 
Odour on the Attractiveness of Men 

R. E. Maiworm and W. U. Langthaler 



Introduction 

Human olfactory communication is an important factor in many aspects of 
life. Mothers can distinguish their infants from those of others by smell alone 
(Schleid 1980). It is possible to recognize kin on the basis of body odour (Por- 
ter, Balogh, Cernoch, and Franchi 1986). Furthermore, couples can recognize 
one another by their scent. Male odours are perceived as stronger and less 
pleasant, while female odours are perceived as less intense and more pleasant 
(cf. Hold and Schleid 1977). 

Certain constituents of underarm secretions, such as odoriferous steroids, 
are now being discussed as putative human pheromones. It is suggested that 
they may have an erotic effect. Androstenone and androstenol have been 
examined most often. After puberty, androstenone is produced in the under- 
arm secretion of males in greater quantities than among women. For example, 
it has an effect on the choice of seat in a waiting room (Kirk-Smith and Booth 
1978). Androstenol seems to have a significant effect on self-perception 
(Benton and Wastell 1989). Androsterone, another steroid, found on the sur- 
face of underarm hair (Thoth and Faredin 1983), has as yet not been studied, 
except as a test-control substance in conjunction with androstenol (Gustav- 
son, Dawson, and Bonnet 1986). It has yet to be seen whether androsterone has 
an effect on human behaviour. In a series of experiments, androsterone, and- 
rosterol and androstenone were examined in regards to varying perceptions of 
men by women. Two of these experiments are examined here in greater depth. 

Method 

Procedure 

The experiments was designed so that all variables remained identical except 
for the test substances, androstenone, androstenol and androsterone, in order 
to test the varying perception of men by women under the influence of the test 
substances. 
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Standardized full-body photographs were taken of all the test subjects. 
They assumed a standardized pose, in which one hand was in the right pocket, 
foot marks on the floor guided positioning, and marks were used to indicate 
angle and orientation of the face. In a separate study, the attractiveness of each 
test person had been assessed by 1 18 students. Five photographs were selected 
that span the range of the attractiveness scores as given by the student evalua- 
tions. 

The double-blind study was administered by two female facilitators who 
knew nothing about the test groups or of the substances (e.g. putative phero- 
mones). The subjects were tested individually and were treated identically, 
apart from the stimuli administered. Subjects were given a standardized writ- 
ten description of the experiment in which they were given to understand that 
they were taking part “in an experiment regarding the effects of the best kno- 
wn ingredients of perfumes”. After the mood scale (the EWL, Eigenschafts- 
Woerter Liste; Jahnke and Debus 1978) was administered, one of the three test 
stimuli was applied to the upper lip of the subjects. The mood scales were com- 
pleted before and after the rating of the photographs. The subjects had 5 min 
to read the questionnaire, which consisted of the rating scales for the assess- 
ment of the men. Each photographed man was rated on 20 bipolar, seven- 
point, adjective rating scales developed in previous studies (e.g. ranging from 
’’sensitive” to “insensitive” along the scale: 3-2- 1-0- 1-2-3) (Maiworm and 
Langthaler 1992). They had one questionnaire for each man. The photographs 
were randomly presented and subjects subsequently rated them, one at a time, 
so that it was not possible to make comparisons between them. Each ques- 
tionnaire was returned after it was completed. A standardized interview was 
conducted by a trained female facilitator after the experiment which covered 
questions about the phase of the subjects’ menstrual cycle, oral contraception 
and sexual partners. At the end of the session the olfactory test for specific 
ansomia was carried out. 

Results 

In the first experiment (experiment 1), 1 mg 5a-androst - 16 en 3-ol and 1 mg. 
3-hydroxy-5-androstan 17-one were placed in solution with ethanol. As a test 
control (placebo) ethanol alone was used. The 95 women taking part in the 
experiment were randomly divided into three groups. Androsterone effected 
perception in that men were perceived to be better, warmer, and friendlier, 
tending to be tougher, but less sexy (MANOVA with Bonferroni adjustment for 
multiple testing). Using androstenol, subjects perceived men to be less sexy 
and tended also to find them less erotic (Fig. 1). 

In gauging the effect of these odiferous substances, other factors must be 
considered. The average attractiveness of a man is decisive in determining 
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1 mg/mi androstenoi In ethanol 
control: ethanol 



1 mg/ml androsterone in ethanol 



Fig.1. Effects of androstenoi and androsterone on the assessment of men: comparison to 
control 



what effect androstenoi and androsterone will have. Perceptions of both unat- 
tractive and highly attractive men were left relatively unaffected by these sub- 
stances, while significant effects may be demonstrated with average men (see 
also Maiworm and Langthaler 1992). When adrosterone was administered, 
men of average attractiveness were perceived to be more sensitive, warmer, 
more intelligent, better, friendlier, nicer, more loveable, and more likeable 
(Fig. 2). Using androstenoi they were perceived to be warmer, more intelligent, 
better, more loveable, more sympathetic, more expressive, more physically 
attractive, and more likeable than the results garnered from control results. 
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1 mg/ml androstenol in ethanol 
control: ethanol 



1 mg/ml androsterone In ethanol 



Fig. 2. Effects of androstenol and androsterone: average attractive man 



The subject’s position in terms of menstrual cycle is also important. During 
the middle of the menstrual cycle (days 10-19), no significant changes resul- 
ting from the test substances were noted. However, if a woman is in the first 
portion of her menstrual cycle (days 1-9) and androstenol is administered, 
men are perceived to be better, there is a tendency to find them more attrac- 
tive, and the desire to meet them rises significantly. If androsterone is admini- 
stered, men are perceived to be better, warmer and more masculine (Fig. 3). 

In the last part of the cycle (days 20-29) women under the influence of 
androstenol perceive men as friendly and open, but as less attractive, less sexy. 
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I i 1 mg/ml androstenol In ethanol 1 mg/ml androsterone in ethanol 

control: ethanol 



Fig.3. Effects of androstenol and androsterone: first part of the menstrual cycle (days 1-9) 



less erotic, and less arousing. Under androsterone they are perceived to be 
sensitive and emotional, but less sexy and attractive (Fig. 4). 

Experiment 2 

In the second experiment 0.5 mg. 5a-androst-16 en-3a-one was used in 
solution with white, pure, odourless vaseline oil and in solution with 99% 
pure ethanol. As test controls the solvents were used in their natural state. 
Eighty-six women took part in the experiment. 
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L- — j 1 mg/ml androstenol in ethanol 1 mg/ml androsterone in ethanol 

control: ethanol 



Fig. 4. Effects of androstenol and androsterone: third part of the menstrual cycle (days 
20-29) 



Using androstenone in ethanol, men received noticeably more negative 
marks. They were perceived as less attractive, less sexy, less intelligent, less 
trustworthy, less erotic, less interesting, less arousing, and the desire to meet 
them was also significantly reduced (Fig. 5). The results of androstenone in oil 
were not significantly different from the results of plain oil alone. 
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« *■ X stimulates. erotic . , 

attractivity intelligent trustw. interesting 



control (solvent:oil) 

0.05 m 9 androstenone in oil 



0.05 MO androstenone In ethanol 
control (solvent: ethanol) 



Fig. 5. Assessment of men by women: effects of solvents - androstenone in oil and in 
ethanol 



Discussion 

Experiment 1 clearly shows the effect of androsterone on the perception of 
men. The men received more positive ratings on a variety of scales. These sig- 
nificant effects are related to the erotic-sexual sphere but notably the men 
were gauged as less sexy and there was a tendency to find them less erotic. 
Given these test results, it appears to be problematic to use androsterone as a 
test control substance in conjunction with androstenol, as described in the 
experiments of Gustavson et al. 
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The effect of odoriferous secretions of human underarms appears to be 
influenced by various factors. Analogous to the model used for animals, the 
effect of chemical signals, especially pheromones, is usually influenced by the 
reproductive status of the signal recipient as well as that of the sender. In ex- 
periment 1, it may be seen that at different periods in the menstrual cycle 
androsterone and androstenol had different effects. Contrary to expectations, 
these substances showed no effect during the middle period of the menstrual 
cycle, in which ovulation is possible. Rather, these effects are greatest during 
the first period of the menstrual cycle. At the same time, both pleasant and 
less pleasant effects may be observed in the final period of the cycle. The 
unpleasant effects are related to the ero-sexual sphere. In respect to other 
attributes, such as friendliness, emotionality, and sensitivity, more pro- 
nounced responses may be noted. 

In all studies concerned with the effects of androstenone, ethanol was used 
as the solvent. In experiment 2 it may be clearly seen that men are more hars- 
hly perceived when androstenone is used in conjunction with ethanol. This 
negative response to androstenone may result from the type of solution 
chosen. Odours in combination with one another smell very different than 
when experienced alone (Laing 1991). The unique smell of ethanol immedia- 
tely after application could be responsible for the negative values found in con- 
junction with androstenone. These results call into question the use of ethanol 
as a solvent and probably the use of other odours as well in these sorts of tests. 
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Introduction 

Living organisms in terrestrial as well as aquatic environments are able to 
communicate by odours (Shorey 1976; Ritter 1979; Agosta 1992). Insects are 
'‘masters of fragrances” and many species depend on volatile chemicals for 
orientation and communication (Lewis 1984). Such volatile signals are defined 
as semiochemicals (Nordlund 1981) and the network of intraspecifically 
(pheromones) and interspecificaUy (allelochemicals) active substances re- 
present a semiochemical web, which might offer possibilities for interference 
in order to control pests (Vinson 1986). 

A complex of volatile-mediated interactions is demonstrated in the multi- 
trophic system: plant - aphid - primary parasitoid - hyperparasitoid. Aphids, 
which damage plants mainly by the consumption of assimilates and transmis- 
sion of viral diseases, have numerous predatory and parasitic enemies. Aphid 
parasitoids (primary parasitoids) such as Aphidius spp. or Aphelinus spp. 
oviposit into the aphid and their progeny develops inside the living host until 
the food source is completely exploited. Pupation of most primary-parasitoid 
species takes place within the so called aphid mummy. Parasitic enemies of 
these primary parasitoids are termed hyperparasitoids. They attack their hosts 
within the living aphid (e.g. Alloxysta spp.) or within the aphid mummy (e.g. 
Dendrocerus spp. or Asaphes spp.). Insects differ in their degree of specializa- 
tion and are divided into monophagous, oligophagous or polyphagous species 
according to the number of host species they exploit. Besides the parasitic 
exploitation of a host, some parasitoids {Aphelinus spp. and Asaphes spp.) 
show predatory behaviour by feeding on the host as adult insect (host feeding). 

Allelochemicals which mediate interactions between these four trophic 
levels can be classified according to benefit (Nordlund 1981): release of a 
"kairomone” benefits only the receiver, whereas the emitter benefits from the 
action of an “allomone”. When both the emitter and the receiver benefit from 
an odour, it functions as “synomone”. The use of volatile signals by aphids, 
primary parasitoids and hyperparasitoids, and the role of experience in re- 
lation to odour response is discussed in the present article. 




Orientation of Insects in a Multitrophic System: The Role of Fragrances 37 



Orientation of Aphids 

The colonization of host plants mainly depends on the foraging behaviour of 
winged (alate) aphid morphs. Visual cues play an important role in their 
orientation (Kennedy and Ludlow 1974; Hardie et al. 1989; Nottingham et al. 
1991a), but olfactory cues are also involved (Chapman et al. 1981; Nottingham 
et al. 1991b; Isaacs et al. 1993; Nottingham and Hardie 1993; Pettersson et al. 

1994) . Hence, aphids are able to distinguish between odours from host and 
nonhost plants, using the former as kairomones and the latter as allomones. 
Tests in a Y-tube olfactometer, where insects were offered the choice between 
two different odours, revealed that alate Sitobion avenue (F.) preferred host 
plants infested by conspecifics to aphid-free plants (Micha 1995). It remains 
uncertain whether the attraction was caused by odours from the infested 
plant, by a synergistic effect of plant and aphid volatiles, or by odours from 
settled aphids, acting as an aggregation pheromone (Kay 1976; Petterson et al. 

1995) . The same aphid species avoided artificially injured host plants (Micha 
1995), indicating the release of an allomone from damaged plant tissue (MM 
Blight and JA Pickett, cited by Hardie et al. 1994a). Pettersson et al. (1996) 
found aphid repellent properties in cereal plants which grew next to aphid- 
infested plants. They suggest a defence reaction (antixenosis) induced in 
plants as a response to herbivore attack in the neighbourhood, which supports 
the idea of a communication between stressed plants. 

Aphids do communicate between each other by odours. Attacked aphids 
are known to release a cornicle secretion, which contains a volatile alarm 
pheromone, analysed as the terpenoid, (E)-^-farnesene (Bowers et al. 1972; 
Edwards et al. 1973). This pheromone elicits defence, running or dropping 
behaviour of neighbouring aphids. Sex pheromones are emitted only in 
autumn, when holocyclic aphid species produce sexual morphs in order to 
enable genetic recombination. These pheromones, which are single com- 
pounds or mixtures of monoterpenoids (nepetalactone and nepetalactol, 
Dawson et al. 1990; Pickett et al. 1992), are released by female aphids 
(oviparae) to attract conspecific males. Attraction of males was enhanced 
by the mixture of sex pheromone and host-plant components, indicating 
a synergistic effect of the different volatiles (Campbell et al. 1990; Hardie et al. 
1994b). 

Aphid detection of semiochemicals associated with the higher trophic level 
(primary parasitoids) is not yet proven. Alate S, avenue could not detect traces 
of their parasitic enemies {Aphidius uzbekistanicus Luzhetzki) on a glass sur- 
face (Micha 1995). 
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Orientation of Primary Parasitoids 

Primary parasitoids are efficient aphid antagonists; this is afforded partly by 
their remarkable host-finding ability (Chambers et al. 1986; Holler 1988; 
Stilmant 1994). The parasitoids thereby rely on semiochemicals which derive 
from plants and aphids. 

The relationship between primary parasitoids and plants is mutualistic: 
primary parasitoids are detrimental to the pest population and plants provide 
host-finding cues to primary parasitoids. It is therefore not surprising that 
A. uzbekistanicus was attracted in a Y-tube olfactometer to volatiles from 
aphid-infested host plants (Micha and Wyss 1995). These kairomones were 
still present, when the aphids were removed from the plant before the experi- 
ment. Aphid-free parts of infested plants were tested similarly. In order to 
exclude any contamination by aphids (e.g. honeydew), a week old aphid 
colony was bound to a basal leaf part via a clip cage (Way 1973). The positive 
response of A. uzbekistanicus towards odours from the aphid-free apical leaf 
area of the same leaf proved the production of attractants by the plant. How- 
ever, the induced synomone production remained in infested leaves and 
synomone production was not induced systemically within the plant. Plant 
injury by aphid probing might not lead to the release of semiochemicals as 
indicated by an absent reaction of A. uzbekistanicus towards injured plant 
leaves (Micha 1995). 

Other tests in a Y-tube olfactometer showed a strong attraction of 
A. uzbekistanicus towards the aphid alarm pheromone, (E)-j8-farnesene (Micha 
and Wyss, in press). (E)-j3-farnesene is apparently a host-finding kairomone 
for primary parasitoids, and probably acts over shorter distances as responses 
were limited to relatively high doses of this chemical. The alarm pheromone, 
which is produced by a large number of aphid species, is an unspecific 
volatile. It is therefore not a reliable kairomone to mono- or oligophagous 
primary-parasitoid species and other more host-specific kairomones could be 
expected. 

Synthetic aphid sex pheromone compoments attracted Praon spp. in the 
field (Hardie et al. 1991, 1994c; Powell et al. 1993). Catches of other primary 
parasitoid species, however, were very low or absent. Honeydew, the sugary 
excretion of aphids, provides food for adult parasitoids and is known to func- 
tion as a contact kairomone for primary parasitoids (Budenberg et al. 1992). 
However, the substance, which has few volatile elements (Micha 1995), showed 
poor results in a Y-tube olfactometer 

Primary parasitoids are capable of detecting the presence of their enemies, 
the hyperparasitoids. Odours from Alloxysta victrix (Westwood) elicited 
dispersal behaviour of A. uzbekistanicus females (Holler et al. 1994). 6-Methyl- 
5-hepten-2-one (MHO) was the main component of this semiochemical. 
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which otherwise functions as spacing and sex pheromone of A. victrix (Micha 
et al. 1993). 

Orientation of Hyperparasitoids 

Volatile signals for host-finding cues of hyperparasitoids are provided by 
three lower trophic levels (plants, aphids and primary parasitoids). However, 
only aphids profit from the attraction of hyperparasitoids as they are anta- 
gonists of primary parasitoids. 

A. victrix and Dendrocerus carpenteri (Curtis) were much more attracted 
by volatiles from infested plants than by odours from plants or aphids alone 
(Siri 1993). AUelochemicals from aphids and plants may have acted synergist- 
ically, or odours produced after aphid infestation (see above) may have been 
detected by the test insects. The same volatile signals may be used by both 
primary parasitoids and hyperparasitoids. Single compounds of leaf extracts 
were tested with A. victrix, revealing a high attractive effect of linalool and 
a strong repellent effect of l-octen-3-ol (Siri 1993). 

The aphid alarm pheromone, (E)-j8-farnesene, which was used as kairo- 
mone by primary parasitoids (see above), also attracted A. victrix, thus acting 
as a synomone (Siri 1993). The alarm pheromone or odours from infested 
plants are very general features of aphid colonies and hyperparasitoids, once 
in a colony, must detect other, more reliable signals in order to find their 
specific hosts. D, carpenteri and Asaphes vulgaris Walker were thereby attrac- 
ted to odours from the shell of an aphid mummy of its primary-parasitoid 
host, A. uzbekistanicus (Christiansen- Weniger 1992; Siri 1993). The insects 
were more attracted over a short range (35-mm petri dish) than over the 
longer distance in a Y-tube olfactometer (at least 120 mm). 

As host suitability varies, so does the attractiveness of hosts. Aphelinus 
varipes (Forster) is a primary parasitoid, which is rarely attacked in the field 
(Holler 1989). Methanol extracts of its aphid mummy or parts of it elicited 
virtually no attraction of the hyperparasitoid, A. vulgaris (Christiansen- Weni- 
ger 1994a). Moreover, similar extracts repelled A. vulgaris from attacking 
a more suitable host, Aphidius ervi Haliday (Christiansen- Weniger 1992). The 
strongest repulsion was caused by the extracted late larval hindgut, which 
showed secretory activity in the colon (Christiansen-Weniger 1994b). The 
findings suggest the production of a protective allomone. 

The Role of Learning in the Host-Finding Behaviour 
of Primary Parasitoids and Hyperparasitoids 

The ability to learn host-finding cues characterizes many hymenopteran para- 
sitoids (Vet et al. 1990; Turlings et al. 1993). The insects are thereby able to 
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associate a new volatile signal with a host, provided that the new signal is 
experienced together with the target (host). 

A, uzbekistanicus required a period of learning in order to show a positive 
response towards volatile signals of infested plants (Micha and Wyss 1995). 
Learning was most effective when the parasitoids had access to infested plants 
for at least one hour with a subsequent break of at least 16 h. Experiences with 
plants or aphids alone showed no effect. In other words, a period of experience 
improved the original faint attraction of naive aphid parasitoids to infested 
host plants (Sheehan and Shelton 1989; Grasswitz and Paine 1993). 

Hyperparasitoids also appear to rely on learning behaviour. Choice 
tests before and after contact to previously unknown stimuli uncovered the 
relevance of host feeding in the host-acceptance behaviour of A. vulgaris 
(Christiansen-Weniger 1991). Host acceptance was modified after the 
insects had the opportunity to feed and oviposit for three days on 
a new host in a no-choice situation. Oviposition under the exclusion of 
host feeding had no effect (Christiansen-Weniger 1992). A. vulgaris might 
be able to switch between different host species at any period of its life 
cycle, which indicates one reason for the high degree of polyphagy of this 
species. 
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Chemical Signals During Raids by the Robber Bee 
Lestrimelitta limao on Other Stingless Bee Nests 
(Hymenoptera, Apidae, Meliponinae) 

R. Radtke 



Introduction 

Workers of the neotropical robber bee species Lestrimelitta limao do not visit 
flowers to collect pollen and nectar. Instead, they raid nests of other stingless 
bees (Meliponinae) in organized groups of up to 1000 individuals. During 
a raid they collect honey, pollen and nest construction material. The signifi- 
cance of species-specific volatiles for the organization of raids by L. limao was 
originally postulated by Moure et al. (1958) and later by Nogueira-Neto (1970). 
Using biotests, I attempted to characterize those volatiles which release those 
behavioural reactions in the robber bees observed during naturally occurring 
raids. 

Materials and Methods 

Studies on the behaviour of the stingless bees and biotests were executed at the 
Biological Research Station of the University of Tubingen at the PUG Univer- 
sity in Porto Alegre, RS, Brazil. The bees were kept in observation hives in the 
laboratory and in the meliponarium of the institute. 

The volatile samples were pentane extracts of heads, thoraces and ab- 
domens of worker bees. GC/MS analysis of these samples and the synthesis 
of the volatiles used in the biotests were performed by members of Prof. 
Francke’s group at the Institute of Organic Chemistry and Biochemistry, 
University of Hamburg. In the biotests single volatiles and mixtures were 
presented for 1 min, 1 cm in front of the nest entrance tube, and for 3 min in- 
side the nest. The amount of the tested substances corresponded to 1-20 bee 
equivalents. 

The behaviour of worker bees during the consecutive phases of a raid was 
studied under natural conditions and in biotests by direct observation and by 
analysis of video documentation. The typical behavioural elements of the 
individual phases were identified and described. The aim of the experimental 
part of this work was to identify those chemical substances in the volatile bou- 
quet of the robber bees which elicit each of the behavioural elements typical 
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for the individual phases of a raid. GC/MS analysis allowed the individual 
compounds of the bouquets of the robber bees to be identified. The reactions 
of the bees were analyzed and compared with behaviour observed under con- 
trol conditions. 

Results 

By GC/MS analysis, 61 individual substances were identified in the volatile 
bouquet of I. limao. The bouquet is composed of hydrocarbons, alcohols, 
carbonic acids, aldehydes, terpenes and esters. One terpene, citral, represented 
57.2% of the volatiles, the highest relative amount of any substance. 

Robber bee scouts often spent several days searching before they found 
a host nest to rob. They circled the host nest several times at close range and 
sometimes landed near to its entrance hole. They never marked the host nest 
with volatiles. The scout bees did not elicit defense behaviour when they made 
contact with guard bees of the host nest. They also did not leave scent marks 
on the ground when returning from a newly discovered host nest to their 
home nest. 

After having returned to her home nest, a successful scout robber bee 
recruited nest mates by bumping into them while beating her wings. Under 
natural conditions, recruits started to move rapidly towards the entrance tube 
where they assembled. Bumped bees turned to bump other nest mates so that 
this behaviour spread rapidly in the nest. In biotests strong wing beating and 
bumping could be elicited by applying 6-methyl-5-hepten-2-one, a mixture of 
ethyl esters or acetates (Table 1). 

Following in-hive recruitment, recruited bees spent 2-15 min in a highly 
agitated state in the entrance tube. The “runway assembly phase” always pre- 
ceded mass take-off. Before and during mass take-off, up to 15 bees could be 
observed to engage in a distinct flight pattern in front of the entrance tube. 
They faced the nest and flew in vertical loops, repeatedly approaching to and 
retreating from the entrance. It was not possible to find a chemical releaser for 
this flight behaviour. Mass take-off by in-hive recruits, however, could be trig- 
gered by presenting citral or several ethyl esters to the assembly of agitated 
bees in the entrance tube. 

Raiding parties flew at a cruising height of up to 10 m even across water to 
reach a host nest. Using biotests, it was not possible to lure raiding parties away 
from their direct flight path to the host nest by any volatile. Therefore sugge- 
stions that bees in raiding parties flew in a scent plume released by the guiding 
scout bee could not be confirmed. 

At the nest entrance of host nests of Tetragonisca angustula and Plebeia 
wittmanni, 6-methyl-5-hepten-2-one and citral elicited the defence behaviour 
of guard bees of the host nest. 
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Table 1. Behaviour sequence of workers of L. limao during raids on host nests, and the 
components of the volatile bouquet of the robber bees which release the typical behaviour 
of the bees of each phase of a raid. 



Observed behaviour 



Behaviour-releasing substances 



1 A scout bee recruits hive mates 
inside its own nest by body contacts 

I 

2 Robber bees run excitedly out of 

their nest interior into the entrance tube 

I 

3 Robber bees fly out of their nest 
entrance tube 



t 

4 The scout bee guides the recruited 
robber bees to a host nest along a 
scent trail or in a scent plume 

I 

5 The robber bees attack a host nest; 
the host guard bees try to defend 
their nest 



6 End of the raid 



6-methyl-5-hepten-2-one 
Mixture of ethyl esters, head extract 
Mixture of acetates 



No chemical releasers found 



Citral 

Ethyl octadecenoate 
Ethyl octadecadienoate 
Ethyl octadecatrienoate 

Guidance along a scent trail could be 
excluded but guidance in a scent plume 
of volatiles could not be confirmed 



6-methyl-5-hepten-2-one 

Citral 



Citral 



After 2-3 days of continuously raiding a host nest, the robber bees stopped 
raiding and left it. During this leaving phase, robber bees released a strong 
lemon-like odour, possibly citral. In two cases, a raid could be stopped when 
citral was introduced inside a nest of Plebeia. 

Discussion 

The main behavioural elements of the robber bee during raids can be experi- 
mentally released with the chemical signals identified in biotests. Whenever 
a behavioural element was released, the reaction of the bees was restricted to 
that single element of the whole sequence (Table 1). However, no chemical 
signal has so far been identified that triggers the transition to the next be- 
havioural element in a raid. 





46 R. Radtke: Chemical Signals During Raids by the Robber Bee Lestrimelitta limao 



Certain volatiles such as 6-methyl-5-hepten-2-one and citral elicit different 
reactions at different locations in the nest and during different phases of a 
raid. The reactions are typical and specific for each of the distinct phases of a 
raid. The reactions of the bees also depend on the context in which a chemical 
signal is released or perceived, and on the disposition of the bees themselves. 
Citral, for example, functions as a repellent to L limao in biotests when applied 
during the time between two raids. The bees retreat from the site of applica- 
tion. If, however, the bees have gone through the initial stages of in-hive 
recruitment, citral elicits mass take-off from the nest entrance tube. When 
offered in their own nest, citral elicits wing beating and nondirected locomo- 
tion. If, however, citral is presented at the end of a raid in a nest of R wittmanni, 
for instance, the robber bees assemble and leave the host nest (Radtke 1994). 

Volatiles thus have multiple signalling effects. Their biological activity is 
determined by the context in which they are perceived and by the disposition 
of the receivers. 
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Molecular Aspects of Fragrance Sensitisation 

J. P. Lepoittevin and V. Mutterer 



Introduction 

From time immemorial, perfumes have been part of human culture and 
approximately 3000 “fragrance” molecules are currently used in the perfume 
industry [1]. These fragrance molecules are not, in general, used in isolation, 
but are combined to create a characteristic perfume; a single perfume contains 
from 10 to 300 different molecules [2], which, nowadays, are often synthetic 
and completely characterised. Fragrance molecules are found in a large num- 
ber of manufactured products, but the main source of exposure is still, with- 
out doubt, perfumes and cosmetics. It is estimated that 95% of the female 
population and at least 75% of the male population come into daily contact 
with cosmetic products [3] and it is, therefore, not surprising that perfumes 
represent a major source of sensitisation. The frequency of sensitisation to 
perfumes is estimated as 1 % - 2 % in the general population [4] and almost 8% 
in contact eczema patients [5]. 

A major advance in the field of epicutaneous testing has been the develop- 
ment and widespread use of standardised and completely characterised pro- 
ducts. Mixtures or impurities make the interpretation of results very difficult 
and have been the cause of many substances being classified as sensitising 
agents, when the allergen was, in fact, a degradation product or impurity [6, 7]. 
The testing of a mixture of compounds is thus an important source of error. 
Chemical substances, especially allergens, are not inert entities, but are liable 
to undergo modification and/or interact with their surroundings, forming 
new compounds [8]. This principle, which applies to a pure product, is even 
more important in the case of mixtures, containing several molecules, the 
compatibility of which is often poor or even unknown. Such modifications 
and interactions can lead to increased (synergistic) or decreased (antagoni- 
stic) reactivity. 

By definition, perfumes are mixtures of molecules, and all problems in- 
herent in the use of molecular mixtures, whether during the sensitisation or 
challenge phases, apply to these products. Perfume sensitisation must not, 
therefore, be considered as an interaction of the skin with a single molecule, 
but with a complex mix, with all the attendant problems this implies. 
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General Remarks On Mixes 

Not all mixes are the same; two main categories can be distinguished [9]: 
those consisting of a mixture of molecules that are chemically and structural- 
ly unrelated and those containing molecules with similar structures. 



Heterogeneous Mixes 

It is the first category, the ‘‘heterogeneous mixes”, which poses the most prob- 
lems for the chemist, since the presence, in the mixture, of several molecules, 
which differ widely in size and reactivity, can result in many interactions 
during skin penetration, biodistribution of molecules between the various 
cutaneous compartments, metabolism or interaction with antigen presenting 
cells. 



Homogeneous Mixes 

The second category of mixes, the “homogeneous mixes,” consists of a mixtu- 
re of molecules that are very similar in structure and reactivity. The factors 
controlling molecular recognition during the elicitation phase of the allergic 
response are highly dependent on the chemical group and the spatial geo- 
metry of the molecule. In order to detect sensitisation to a certain group, it is 
therefore sometimes necessary to combine several molecules in which it is 
present, but with different geometries. In this case, all the molecules possess 
the same chemical reactivity, are metabolised in the same way and have ana- 
logous physico-chemical properties. 



Perfumes 

Perfumes fall into the first and more complex category, the heterogeneous 
mixes. The presence of dozens, or even hundreds, of different molecules makes 
all types of interaction between molecules possible; the main sources of inter- 
action encountered during sensitisation and/or challenge are described below. 

Principle Causes of Interactions Seen in Heterogeneous Mixes 

During sensitisation and challenge, molecules must first penetrate into the 
epidermis, where they undergo biodistribution and are eventually metaboli- 
sed, forming reactive haptens, which then react with nucleophilic residues in 
proteins to form antigens [10]. 
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Skin Penetration 

Factors which control the penetration of organic molecules across the stratum 
corneum are of prime importance. Skin penetration is mainly a function of 
lipophilicity [11], represented by the partition coefficient, P, for an octanol/ 
water mixture; the greater the value of log P (and hence the lipophilicity of the 
molecule), the greater the permeability. The second factor to take into account 
is the volume of the molecule; this can be modelled using various parameters, 
such as molecular weight (MW) [12] or molecular volume (MV) [13]. 

The penetration constant, Kp, (in cm/h) can, for example, be expressed eit- 
her as a function of log P and MW: 

log Kp = a log P + b MW + c (1) 

or as a function of the water solubility expressed as a function of log P and the 
melting point (MP): 



log Sa = a log P + b (MP - 25) + c (2) 

For lipophilic substances, skin permeability increases in a quasi-linear fas- 
hion with an increase in log P until log P reaches a value of about 3, at which 
point it plateaus, then decreases in the form of a parabola fitting the equation: 

log Kp = a log P - b (log P)^ (3) 

For a given value of log P, smaller molecules penetrate most easily. 

The presence, in the perfume, of molecules of widely different physicoche- 
mical properties, lipophilicity (log P), MW or MV inevitably results in diffe- 
rences in rates of penetration. The effects of one molecule on the penetration 
rate of another must also be taken into account, e.g. the presence of certain 
lipophilic or amphiphilic molecules results in increased skin penetration. 

Metabolic Conversion of Pro-Haptens Into Haptens 

The rate of metabolism of pro-haptens into haptens by the various epidermal 
enzyme systems is another very important point [14]. For a given enzyme 
system, this will depend on the concentration of not only the pro-hapten (reac- 
tion substrate), but also of the hapten (reaction product). In the case of a mix- 
ture of pro-haptens, e. g. a mixture of allylic alcohols, there will be competition 
between the different molecules for the reactive site of the enzyme and their 
metabolism will be affected. In the case of a reversible system, the presence of 
a large amount of reaction product can lead to the slowing, or even reversal, of 
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the reaction. Finally, the presence of several different molecules, all substrates 
for the same enzyme system, can result in the phenomenon of enzyme induc- 
tion, with increased enzyme biosynthesis and a resultant increase in enzyme 
activity. 

Generation of Antigenic Sites 

Antigenic sites are generated on proteins when haptens react with nucleo- 
philic residues on the different amino acids. The degree of modification of 
a protein by any given molecule is mainly determined by [15]: 

1. The kinetic rate constant (k) for the hapten-protein reaction. 

2. The residence time of the molecule in the epidermis, a function of log P 
(octanol/water). 

3. The dose (D) of product reaching the reaction site. 

The degree of alkylation, or relative alkylation index (RAI), can be expres- 
sed as: 

RAI = a log k + b log P + c log D (4) 

When several molecules of different types are simultaneously present in 
the epidermis, there will be competition for the finite number of nucleophilic 
sites on the proteins and antigenic competition leads to an under-expression 
of the least reactive haptens and thus to a modified sensitisation spectrum. 

The Fragrance Mix 

One good example of a heterogeneous mix that mimics a perfume is the fra- 
grance mix [ 16], a well-known mixture which has been tested over many years 
and which contains seven components of very varied nature (Fig. 1) and reac- 
tivity. Compared with certain preparations, which contain more than 300 dif- 
ferent molecules, it is a very simple ‘‘perfume,” but it can be used to illustrate 
the different aspects of, and problems inherent in, molecular mixtures. 

General Remarks 

The fragrance mix contains three large terpene families: 

1. Three cinnamic derivatives. 

2. Two eugenol derivatives (eugenol and isoeugenol). 

3. Two linear monoterpenes. 

These three families of molecules differ greatly, not only in their structure, 
but also in their method of sensitisation. The mix is completed by an extract 
of oak moss, which itself contains a large number of products. 
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Cinnamic Derivatives 

The mix contains three such derivatives with different sensitisation profiles, 
as cinnamic aldehyde and a-amylcinnamic aldehyde can be considered as 
haptens, whereas cinnamic alcohol is a pro-hapten, partially metabolised 
to cinnamic aldehyde. The joint presence of cinnamic alcohol and cin- 
namic aldehyde can result in a enzyme reaction in equilibrium (Fig. 2), 
which is displaced as a function of the respective amounts of the two mole- 
cules. 




Fig. 2. Metabolic equilibrium between two related molecules - cinnamic alcohol and 
cinnamaldehyde 
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Eugenol Derivatives 

The fragrance mix contains eugenol and isoeugenol, which, like cinnamic 
alcohol, must undergo a metabolic oxidation step (in this case, a more complex 
one) to form the reactive hapten. Recent studies on the mechanism of activa- 
tion of eugenol derivatives seem to indicate that these two molecules follow 
different metabolic pathways, explaining the observed difference in reactivity 
and the low degree of allergic cross-reaction between them [17]. The weaker 
sensitising agent, eugenol, seems to require an initial demethylation step, for- 
ming a catechol, which is then oxidised to the highly reactive ortho-quinone 
(Fig. 3), while isoeugenol is itself sufficiently reactive to be directly oxidised to 
the equally highly reactive paraquinone methide (Fig. 4). 




Fig. 4. Proposed metabolic pathways of isoeugenol in mice 
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Linear Monoterpene Derivatives 

Two such derivatives, geraniol, a pro-hapten which must be oxidised to the 
aldehyde, and hydroxycitronnellal, an aldehyde hapten, are present in the fra- 
grance mix. Again, the problem of the joint presence of an alcohol and aldehy- 
de of related structure arises, together with the possibility of altered enzyma- 
tic metabolism. 

Observations on Mix Reactivity 

All the types of interaction described above are encountered in this mix, 
a mixture of haptens and pro-haptens with different structures and proper- 
ties. Because of these interactions, the mix must be considered as a whole, 
rather than simply as the sum of its components, a point clearly made by the 
experience of many clinicians, when testing the fragrance mix, that a positive 
response to the mix is not always accompanied by a positive result to one, or 
more, of the constituents tested in isolation. 

This frequent observation clearly shows that the eliciting potential of the 
mix is greater than the sum of the eliciting potentials of its constituents and 
that the mixture results in a marked synergistic effect. It is highly probable that 
this observation, made during challenge, applies equally well to the sensitisa- 
tion stage. 

This observation, carried out on a relatively simple and well characterised 
mixture, gives an indication of the extent of the possible reactions (both posi- 
tive and negative) that can occur in more complex mixtures, produced on the 
basis of organoleptic requirements without, in any way, taking into account the 
compatibility of the constituent. 

Conclusion 

Sensitisation to even a simple mixture of molecules with very different phy- 
sico-chemical properties results in many interactions during skin penetration, 
metabolism and epitope formation by reaction with the nucleophilic residues 
of proteins. In certain cases, such interactions can, without doubt, result in 
a decrease in sensitising potential, but most probably result, in many cases, in 
an increase in sensitisation potential. These effects are, as yet, poorly quanti- 
fied, but deserve all our attention, since the prevention policy currently in use 
in the perfume industry, of considering the allergising potential of isolated 
molecules, is clearly limited, and the increasing number of cases of sensitisa- 
tion to perfumes should prompt us to look at the perfume as a whole. 
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Identification of Fragrance Sensitizers by QSAR 

J. J. Hostynek, RS. Magee and H.I. Maibach 



Background 

Fragrance materials consistently place among the most common causes of all- 
ergic contact dermatitis (ACD), and are the leading cause of ACD in cosmetics 
in particular [1]. The term cosmetics encompasses a broad spectrum of pro- 
ducts of potentially daily use. Skin contact with stay-on products can extend 
up to 12 h or more; they often are applied repeatedly making constant re- 
exposure and thus the cumulative effect of potential sensitizers unavoidable. 
Among these, perfumes and colognes in particular consist entirely of highly 
complex mixtures of fragrance chemicals in appropriate solvent systems, with 
concentrations ranging from 5% to 40% in the finished formulation. It is also 
a remarkable feature of those chemicals that their molecular size and lipo- 
philicity combine to make most of them good skin penetrants [2], a prerequi- 
site for immune system activation. Reliable numbers for the frequency of 
fragrance allergy are hard to come by. Nevertheless, occasionally published 
data indicate that the prevalence of allergic disease is rising in many countries 
[3], and so is the evidence that for an important part of cutaneous cosmetic 
intolerance the cause lies in their fragrances. In a European study for instance, 
the overall incidence of allergy to fragrance materials among dermatology 
patients was 7.8% [4], and has been estimated to run as high as 18% in 
a survey of a normal, asymptomatic cohort of women [5]. 

It is understandable from such figures that reliable tests allowing prospec- 
tive recognition of allergens among the myriad chemicals used in fragrance 
composition rate high priority for the cosmetics industry, as well as for public 
health officials and medical practitioners. Sensitization is the hazard that the 
fragrance and cosmetics industries are most intent on avoiding, and the con- 
dition that dermatologists are most intent on curing. It is thus a legal require- 
ment in the European Union now that new substances be tested for their 
potential to cause skin sensitization [6]. Current interest runs high among 
toxicologists and the general public as well in replacing established animal 
tests with alternatives that reduce, or even replace the use of animals. Quanti- 
tative structure activity relationship (QSAR) is one such method which objec- 
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tively describes the interaction between chemicals and biological systems [7], 
and is now increasingly used in the prediction of a variety of toxicological 
endpoints, ACD among them. As no fully validated in vitro model to assess 
ACD potential is available or likely to be developed in the foreseeable future, 
empirically derived, mechanistically based QSAR models thus hold the 
potential for becoming valid alternatives to extensive animal testing, parti- 
cularly if they can be confirmed as robust predictors of allergy. 

Such a biologically based, comprehensive QSAR model combining both 
structural alerts with barrier diffusion criteria has been developed through 
systematic analysis of known contact allergens, which identifies both func- 
tional features that make a chemical an allergen, as well as the physicochemi- 
cal properties which determine penetration of a compound through the stra- 
tum corneum [8]. The model has performed well in validation studies [9] 
which included matching its performance with the vivo test by the murine 
local lymph node assay [10]. 

Purpose 

Given the preeminent position of fragrance chemicals as potential allergens in 
products of everyday use, it seemed appropriate to test the predictive per- 
formance of our QSAR model when it is applied to a selection of such com- 
pounds. As skin sensitization is becoming a commonly assessed toxicological 
endpoint, verification of model performance was made easy by the preexisting 
historical data base of experience obtained live with the human model over 
years of dermatological and allergological observation. Predictions by the 
QSAR model validated against human experience were also going to be 
matched with the performance of the expert system DEREK on the same set of 
compounds. DEREK (Deductive Estimation of Risk from Existing Knowledge) 
is a rulebase consisting of over 50 structural alerts developed in the United 
Kingdom [11], and is entirely based on the results of over 300 chemicals 
screened for allergenicity in the guinea pig maximization test. The diverse 
nature of clinical data used for validation of the two prophetic systems, man 
vs. guinea pig, also appeared to offer an opportunity for matching prophetic 
performance of our QSAR model with the most widely used traditional skin 
sensitization test, the guinea pig maximization test of Magnusson and 
Kligman [12]. 
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Materials and Methods 

Criteria for Compound Selection 

The safety of the myriad fragrance chemicals used in compounding is moni- 
tored by the International Fragrance Research Association (IFRA). When 
necessary, IFRA issues recommendations on the use of these materials, includ- 
ing restrictions on use levels and advisories not to use substances at all when 
indicated by safety concerns. Thus, to date the use of nearly 100 fragrance raw 
materials has been either restricted or prohibited, in greatest part due to their 
allergenic properties [13]. As selecting compounds of well established sensiti- 
zing properties was important for our validation project, 33 ACD active com- 
pounds were selected among the fragrance raw materials restricted or pro- 
hibited by IFRA due to their potential for sensitization [13]. An additional 
3 ACD actives were selected among chemicals identified as contact allergens: 
geraniol [14], benzyl salicylate [14] and lilial [15]. The 14 inactive aroma 
chemicals (NON) were confirmed as nonallergens through a Medline search 
for the years 1966-1995 and RIFM Fragrance Raw Materials Monographs, 
again reflecting the result of maximization tests in humans, published in Food 
and Chemical Toxicology (formerly Food and Cosmetic Toxicology [16]). 

Prerequisite for all compounds selected for the study (Table 1) was their 
listing in the standard reference book on perfumery chemicals by S. Arctander 
[17]. 



Table 1. Performance of the QSAR model and an expert system (DEREK) in predicting 
ACD activity of 50 fragrance compounds 



Compound 


CAS 


ACD/NO" 


QSAR^ 


DEREK'* 


Dihydrocoumarin^ 


119-84-6 


1 


1 


1 


Hydroxycitronellal^ 


107-75-5 


1 


0 


1 


IsoeugenoP 


97-54-1 


1 


1 


1 


Cinnamaldehyde^ 


104-55-2 


1 


1 


1 


frfl«s-2-Hexenal diethylacetal^ 


67746-30-9 


1 


1 


1 


Citral*’ 


5392-40-5 


1 


1 


1 


Cyclamen alcohol^ 


4756-19-8 


1 


1 


0 


p-ferf-Butyl phenoP 


98-54-4 


1 


1 


1 


Methyl crotonate^ 


623-43-8 


1 


1 


1 


Pseudomethyl ionones^ 


26651-96-7 


1 


1 


1 


Cinnamic alcohoP 


104-54-1 


1 


1 


0 


Limonene (dipentene) 


138-86-3 


0 


1 


1 


4-Methoxyacetophenone 


100-06-1 


0 


1 


0 


3,5,5-Trimethylhexyl acetate 


58430-94-7 


0 


1 


1 


Hexylsalicylate 


6259-76-3 


0 


1 


1 
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Table 1 (continued) 


Compound 


CAS 


ACD/NO^ 


QSAR^ 


DEREK"* 


Benzylsalicylate 


118-58-1 


1 


0 


0 


2-Phenylethyl alcohol 


60-12-8 


0 


1 


1 


Phenylacetaldehyde^ 


122-78-1 


1 


1 


1 


Musk ketone 


81-14-1 


0 


1 


0 


Musk xylene 


81-15-2 


0 


1 


1 


trans-2-Heptenal^ 


18829-55-5 


1 


1 


1 


Diethyl maleate^ 


75554-12-3 


1 


1 


1 


Lilial 


80-54-6 


1 


1 


1 


Fixolide 


1506-02-1 


0 


1 


0 


Benzyl dimethylcarbinol 


100-86-7 


0 


1 


1 


2-n-Pentyhdene cyclohexanone^ 


25677-40-1 


1 


1 


1 


Methyl salicylate 


119-36-8 


0 


1 


1 


Isoamyl salicylate 


87-20-7 


0 


1 


1 


Methyl iV'-methylanthranilate 


85-91-6 


0 


1 


0 


1 -(4-Methoxyphenyl)- 1 - 


104-27-8 


1 


1 


1 


penten-3-one^ 










trans-2-Hexendl dimethyl acetal^ 


18318-83-7 


1 


1 


1 


Geraniol 


106-24-1 


1 


1 


0 


7 -Methoxycoumar in^ 


513-59-9 


1 


1 


1 


Amylcyclopentenone® 


25564-22-1 


1 


1 


1 


3-Propylidenephthalide^ 


17369-59-4 


1 


1 


1 


6-Methylheptadienone^ 


1604-28-0 


1 


1 


1 


4-Methyl-3,5-hydrocinnamaldehyde^ 


99-72-9 


1 


1 


1 


FoHone^ 


111-12-6 


1 


1 


0 


Allylheptyne carboxylate^ 


73157-43-4 


1 


1 


0 


l-Octene-3-yl acetate® 


2442-10-6 


1 


0 


0 


6-Isopropyl-2-decalol^ 


34131-99-2 


1 


0 


0 


3-Methyl-2(3)-nonene nitrile® 


53153-66-5 


1 


0 


1 


Hexahydrocoumarin^ 


700-82-3 


1 


1 


1 


Versalide 


88-29-9 


0 


1 


0 


Perillaldehyde® 


2111-75-3 


0 


1 


1 


Hydroabietyl alcohol^ 


70775-80-3 


1 


0 


0 


Dimethyl citraconate^ 


617-54-9 


1 


1 


1 


Anisylidene acetone^ 


943-88-4 


1 


1 


1 


Pentyl cyclopentanone propanone 


40942-73-2 


0 


1 


0 


Benzylidene acetone^ 


122-57-6 


1 


1 


0 



^ Restricted use in fragrances by IFRA. 

^ Prohibited use, or restricted to use with quenching in fragrances by IFRA. 
^ Rating as allergen (1) or inactive (0) in human use. 

^ Correct (1) or incorrect (0) classification by QSAR or DEREK. 
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Table 2. QSAR Model descriptors and coefficients (n = 


70; r^= 0.750; s 


= 0.275; F= 15.81) 


Descriptor 


Coefficient 


f value 


Molar refraction MR 


0.0116 


2.49 


Lipophilicity factor PL 


-0.161 


-3.38 


Hydrogen bond acceptors HBA 


0.0498 


2.88 


Hydrogen bond donor groups HBD 


-0.129 


-2.91 


Aliphatic esters ICOOR 


-0.284 


-3.55 


Michael reactants ICONJ 


0.570 


6.47 


Reactive halides IX 


0.160 


4.73 


Aromatic alcohols lArOH 


0.596 


6.18 


Aromatic amines IArNH 2 


0.503 


4.82 


Primary alcohols lOH 


0.207 


2.51 


Reactive nucleophiles and electrophiles lUNIQ 


0.512 


4.12 


Intercept 


0.118 





The Statistical Discriminant Model 

A discriminant model, referred to as QSAR for brevity, based on 72 carefully 
selected ACD and NON active compounds was developed and used succes- 
sfully in diverse studies [8, 10]. It is based on a combination of transport/bin- 
ding descriptors and dichotomous (0/1) descriptors reflecting protein reac- 
tivity. A full description of the model and its development is featured in our 
primary reference [8]. As experience is gathered in subsequent studies, it is 
reflected in stepwise improvement of the model, and accordingly in its perfor- 
mance. The version used here represents the latest such improvement; the 
descriptors used are presented in Table 2 and characterized as follows. 

Molar refraction (MR) is the basically polarizable molecular volume, 
modeling London forces in nonspecific binding; PL (lipophilic contribution of 
logP) models lipophilic interactions of a compound with proteins and mem- 
branes; HBA, a simple count of the electron pairs on N and O, models the con- 
centration potential of hydrogen-bond acceptor groups; HBD, a simple count 
of the N-H and 0-H groups, models the concentration potential of hydrogen- 
bond donor groups; ICOOR codes 1/0 for simple aliphatic esters and models 
esterase degradation; ICONJ codes 1/0 for conjugated olefins activated by 
groups that cause Michael addition of SH and NH 2 protein end-groups; IX 
codes 1/0 for reactive aliphatic or aromatic halides; lArOH codes 1/0 for phe- 
nols easily metabolized to reactive quinones; IArNH 2 codes 1/0 for anilines 
easily metabolized to reactive quinones; lOH codes 1/0 for primary alcohols 
easily oxidized to reactive aldehydes; lUNIQ codes 1/0 for strong nucleophiles 
and for unusually reactive electrophiles that occasionally require coding as 
alerts. Previous studies of diverse molecular structures have shown the dis- 
criminating power of the equation to fall in the range of 79% -88% correct 
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classification, predicting nonallergens somewhat more efficiently than aller- 
gens [8]. In SAR studies, classifications with Yest values falling in the range 

0. 4 - 0.6 are usually considered indeterminate. In this study, however, as a com- 
parison was intended with the DEREK system which simply classifies com- 
pounds as YES/NO from an input molecular structure, for the sake of con- 
sistency an allergen was defined as any compound with a Yest score > 0.5, and 
as a nonallergen with a score <0.5. 

Results 

As shown in Table 3, of the 50 fragrance chemicals the discriminant model 
(QSAR) correctly predicts 44, with 88% concordance. All of the 6 incorrect 
QSAR predictions, identified in Table 1 with ‘‘0”, are false-negatives rated as 
allergens from human experience. Thus, the QSAR model again performs bet- 
ter in the identification of nonallergens, with specificity (predicted nega- 
tives/true negatives) of 100%, than on allergens, where sensitivity of the QSAR 
model (predicted positives/true positives) is 83 %. 

The performance of DEREK, also tabulated in Table 3, gives correct predic- 
tions for 34 (68% concordance). Individual scores are listed in Table 1, giving 
higher sensitivity or prediction of allergens (26/36 = 72%) than specificity, 

1. e., prediction of nonallergens (8/14 = 57%). 



Table 3. Predictive accuracy of QSAR model and DEREK expert system 





QSAR 




DEREK 




n 


% 


n 


% 


Concordance 


44/50 


88 


34/50 


68 


Sensitivity 


30/36 


83 


26/36 


72 


Specificity 


14/14 


100 


8/14 


57 



Discussion 

The false-negative classification of six allergens shows certain shortcomings 
still exist in our QSAR model which require correction. The ACD compounds 
classified as inactives are hydroxycitronellal, benzylsalicylate, l-octen-3-yl 
acetate, 6-isopropyl-2-decalol, 3-methyl-2(3)-nonene nitrile and hydroabietyl 
alcohol. The Yest value for hydroxycitronellal is borderline-negative, and by 
statistical convention would fall in the indeterminate range. Evidently coding 
for an active aldehyde group alone falls short for correct classification. Ben- 
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zylsalicylate becomes active upon hydrolysis to the prohapten benzyl alcohol 
in the skin, and at present the model falls short of coding for 2-step meta- 
bolism. Hydroabietyl alcohol fails to predict correctly due to its high lipo- 
philicity value, which correlates negatively for skin penetration ability, a point 
that is due for correction in subsequent modeling. 3-Methyl-2(3)-nonene 
nitrile is a mixture of olefins, one of which (2-nonene nitrile) is potentially 
protein reactive. Coding is subjective, however, as acrylonitriles that are alkyl 
disubstituted in the beta-position are not normally Michael-reactive. The 
model fails because we declined to code ICONJ = 1 for this substructure. The 
remaining two compounds: l-octen-3-yl acetate and 6-isopropyl-2-decalol 
appear devoid of alerts that would lead to ACD activity, and are stigmatized by 
IFRA for reasons that elude structural rationale. 

The divergence in predictive power exhibited between the QSAR model 
and DEREK in this comparative exercise (Table 3) is readily explained by the 
diversity of the two systems. One hallmark of the QSAR model is the signifi- 
cance attributed to size and polarity as factors determining the ability of 
structures to penetrate the stratum corneum. A second element, albeit insuffi- 
ciently elaborated at this stage, is coding for pro-haptens in the QSAR model, 
particularly as it concerns multistage metabolism in the epidermis. Note that, 
according to the developers of DEREK, these are criteria scheduled for further 
development of the DEREK expert system also, as new rulebases are con- 
tinually added there in the endeavor to arrive at better qualitative predictions 
[11]. Most importantly, however, the difference in performance is due to the 
difference in databases used in the development of the two prophetic algo- 
rithms, and in the particular nature of the test set chosen in the present 
instance. The QSAR model predicts penetration and sensitization events like- 
ly to occur in the human skin upon open epicutaneous exposure, an event 
reflecting an actual real-life scenario, and is tested against data obtained 
entirely from human experience. DEREK, on the other hand, entirely rests on 
guinea pig maximization test (GPMT) data, a model designed to maximize the 
sensitivity of the animal to allergen action. A worst-case scenario is created in 
that test, especially when the animal is treated with Freund’s Complete Adju- 
vant, resulting in a lowered skin irritation threshold, and is likely to exhibit an 
“angry back” or “excited skin syndrome” [18]. In following that test protocol, 
the effect of the stratum corneum barrier is defeated by definition, in the 
induction as well as the elicitation phase [19]. In addition, false-positive rea- 
ding of patch test reactions are possible when following that protocol if ani- 
mals are not adequately rechallenged at lengthy intervals to distinguish speci- 
fic from nonspecific irritant reactions [20]. This apparent tendency by DEREK 
to overstate sensitization potential becomes especially evident in the differ- 
ence between specificity and sensitivity obtained from the two methods of 
analysis. While performance of the QSAR is 100% in the classification of 
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nonallergens, there DEREK’s accuracy appears to be the least, reflecting the 
main characteristic of the test method it is based on. DEREK correctly identi- 
fies the ability of chemical substructures to react with native protein groups, 
defined as alerts, but does not fully account for the probability of their rea- 
ching the viable tissues in the skin yet. DEREK identifies the sensitizers; QSAR 
predicts whether they sensitize man. 



Summary 

Performance of two prophetic systems: the QSAR model and DEREK, was 
matched in classifying 50 fragrance chemicals commonly used in perfumery 
composition for their contact sensitization potential. While the QSAR model 
proves to be a robust predictor of allergenicity in man, yielding 88% concor- 
dance, in its present form DEREK appears primarily geared towards systema- 
tic identification of protein-reactive structural elements. 
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Fragrances as a Cause of Contact Dermatitis in 
Cosmetics: Clinical Aspects and Epidemiological 
Data 

A.C. DE Groot and P. J. Frosch 



introduction 

Perfumes are so much a part of our culture that we take them for granted, but 
if they were suddenly taken from us, society would suffer immeasurably. We do 
pay a price for their service, and part of that concerns dermatological and 
other medical reactions. 

Contact with Fragrances and Fragranced Products 

The use of fragrances is ubiquitous and not limited to cosmetic products used 
primarily for their scent such as perfumes, eaux de cologne, eaux de toilette, 
deodorant and aftershave [1]. Virtually all cosmetics and toiletries contain 
fragrance materials; even “unscented” or “fragrance-free” products may con- 
tain a “masking” perfume. Flavours used in oral hygiene products - toothpaste, 
mouthwash, and dental floss - are fragrance chemicals. Scented household 
products include detergents, cleaners, softeners, deodorizing sprays, polishes, 
solvents and waxes. In industry, cutting fluids, electroplating fluids, paints, 
rubber, plastics, insecticides, herbicides and additives used in air conditioning 
water may all be scented. Eugenol is widely used by dentists. Paper and paper 
products - including diapers, facial tissues, moist toilet paper and sanitary 
napkins - may cause a reaction. Fabrics and clothes may contain fragrance 
materials, especially after they are laundered or treated with a fabric softener. 
Topical drugs often contain perfumes, and ventilating systems may spread 
fragrances. The distinction between fragrances and spices is often indistinct. 
Many synthetic fragrances are used as spices and flavours. Natural fragrances 
such as cinnamon, clove, vanilla and cardamom are added to foods, soft 
drinks, lozenges, chewing gum, candies, ice cream and tobacco. 

Perfumes are widely used. Of 811 female clients of beauticians 91% report 
using perfume/cologne and 82 % deodorant [2] . Of 35 490 persons asked in the 
United States 61% used deodorant and 34% colognes [3]. Other fragrance- 
containing products not primarily intended for their smell, such as soap, 
shampoo and toothpaste are used by almost everybody. Thus it can be stated 
that virtually everyone is in daily contact with fragrance materials. 
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Modes of Contact 

Contact with fragrances maybe from direct product application to the skin or 
mucous membranes (toothpaste, mouth fresheners, feminine hygiene sprays, 
perfumed eyedrops), by occasional contact with an allergen-contaminated 
product such as towels and pillows, contact with products used by partners, 
friends or coworkers (“consort” or “connubial” contact dermatitis [4]), air- 
borne contact [5], and systemic exposure by inhalation and ingestion 
(fragrances, flavours and spices in foods and drinks, cough syrup). 

Sites of Contact with Fragrances 

Any part of the body may be in contact with fragranced cosmetics: scalp: 
shampoo, hair lacquer, hair gel; face: skin care products, aftershave, per- 
fumed tissue handkerchiefs, airborne from perfumes on clothing; the 
eyelids: eye cosmetics; the lips: lipstick, toothpaste; the neck: aftershave, 
perfume; the trunk: body lotion; the axillae: deodorant and antiperspirant; the 
arms and legs: body lotion; the perianal area: fragranced (moistened) toilet 
tissue; the vulvar area: feminine hygiene sprays, sanitary napkins, topical 
drugs; the hands: moisturizing creams, soap; and the feet: scented anti- 
perspirants. 

Epidemiology of Adverse Reactions to Fragrances 
in Cosmetics and Toiletries 

Adverse reactions to fragrances/fragranced cosmetics appear to be far from 
rare. Guin and Berry [6] conducted a questionnaire study in 90 student 
nurses; 29 (32%) gave a history of cutaneous fragrance intolerance. When 
patch tested with the “fragrance mix” (a composition of 8 commonly used 
fragrances to identify subjects with fragrance allergy), 15/90 (18%) gave a 
positive reaction. Of these 15, 12 (80%) had indeed a positive history of 
fragrance sensitivity. Of the nurses with a negative patch test reaction, only 
21% considered themselves to be fragrance sensitive [6]. De Groot et al. [7] 
interviewed 1609 adult subjects and 196 (12%) reported reactions to various 
kinds of cosmetics and toiletries in the preceding 5 years. Sixty-nine of these 
(35% of the reactors and 4.3% of the total population) attributed their reac- 
tions to products primarily used for their smell (45 deodorants, 16 aftershaves 
and 8 perfumes). 

The Medical Product Agency introduced a cosmetic control system in 
Sweden in 1989. Between 1989 and 1994, 191 reports of cosmetic side effects 
were evaluated. The majority of adverse effects involved only the skin, and 
90% were eczematous reactions. Seventy percent of the cases of dermatitis 
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Flg.l. Severe axillary dermatitis with erythema multiforme-like lesions due to a deodorant 
Fig. 2. Multiple sensitivities to fragrances as detected by patch testing (patient from Fig. 1) 
Fig.3. Well-defined patch of allergic contact dermatitis due to the habit of applying the per- 
fume to the same spot on the neck 

Fig. 4. Lichenoid contact dermatitis due to a perfume spray 
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were classified as allergic. Patch testing with cosmetic ingredients revealed 
fragrances to be the leading cause (22/79 positive reactions [8]). 

Considering the extensive use of balsams, fragrances, spices, and flavour 
additives to food, the frequency of contact allergy to these groups of materials 
is relatively small. In absolute numbers, however, fragrance allergy is common. 
The prevalence in dermatitis patients seen by dermatologists is high; in most 
countries the fragrance mix is among the “top five” allergens, usually number 
two after nickel sulphate, and yields between 6%-ll% positive reactions. 
Indeed, fragrances are common causes of allergic contact dermatitis. At least 
35% of all allergic reactions to cosmetics are due to perfume ingredients [9]. 
In studies investigating contact allergy to cosmetic products, perfumes 
account for 4% - 18% of all reactions, and deodorants/antiperspirants cause 
5% - 17% of all cases of allergic contact dermatitis [10]. This may actually be 
an underestimation of the real importance of fragrance sensitivity. People 
rarely consult a dermatologist with a rash caused by perfume, toilet water, 
cologne, or deodorant. When this occurs, the culprit is usually obvious, and 
they simply stop using the fragrance on their skin. Even in the general popu- 
lation, fragrance sensitivity is not rare. In Denmark 567 unselected individuals 
aged 15-69 were tested with the fragrance mix (TRUE test system), and 6 
(1.1%) had a positive reaction [11]. The frequency in men (1.1 %) was identi- 
cal to that in women (1.0%). In men, shaving with a razor is said to increase 
the risk of becoming sensitized by fragrances by a factor of three, possibly by 
creating small cuts in the skin facilitating penetration of applied perfume sub- 
stances derived from soaps, shaving foams and aftershave lotions [12]. 

Types of Adverse Reactions to Fragrances 

Allergic contact dermatitis is the adverse reaction most commonly seen by 
dermatologists. Other side effects include irritant dermatitis, photocontact 
dermatitis, immediate contact reactions (contact urticaria), and pigmented 
cosmetic dermatitis. 

Allergic Contact Dermatitis: Clinical Picture (Figs. 1-8) 

In spite of the daily contact of virtually everybody with fragrances, and despite 
the high frequency of positive patch test reactions to the fragrance mix in pa- 

^ 

Fig. 5. Severe long-standing allergic cheilitis due to carvone contained in a toothpaste 
Fig. 6. Discrete patchy periorbital dermatitis caused by the perfume in an “antiwrinkle 
cream” 

Fig. 7. Repeated open application test in the antecubital space was positive (patient from 
Fig. 6) 

Fig. 8. Severe widespread allergic contact dermatitis (caused by the perfume in a bath oil) 
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tients routinely tested for suspected contact dermatitis, literature on the clin- 
ical picture of perfume dermatitis is rather scant. In not a single study rou- 
tinely testing the fragrance mix has the clinical picture of patients with posi- 
tive reactions to the mix been investigated and compared with contact 
dermatitis patients not sensitized to fragrances. It can be expected, however, 
that the neck, the skin behind the ear and the axillae are often implicated, 
being exposed to products with high concentrations of fragrances (perfume, 
deodorant). Also, the sensitive skin of the face and the eyelids should be par- 
ticularly susceptible to developing allergic contact dermatitis to fragrances in 
skin care products, decorative cosmetics and cleansing preparations, and from 
airborne contact [5]. Micro-traumata from shaving facilitates (photo) contact 
allergy to aftershave fragrances [12]. Indeed, among the 167 patients with 
suspect fragrance allergy investigated by Larsen et al. [13] the face was most 
frequently affected (40%). 

Meynadier et al. [14] investigated 28 patients with fragrance sensitivity. 
Twelve were sensitized to perfumes or perfumed products, five to perfumes in 
topical drugs, seven to both; in four, the relevance was uncertain. One patient 
had pruritus sine materia on the eyelids from fragrance sprayed on her 
clothes. Several had allergic contact dermatitis on the face and coeur. Most of 
these were erythematous; in some cases the eruption resembled nummular 
eczema, seborrhoeic dermatitis, sycosis barbae, or lupus erythematosus. More 
acute lesions with papules, vesicles and oozing are sometimes observed. 
Lesions in the skin folds maybe mistaken for atopic dermatitis. Dermatitis due 
to perfumes or toilet water tends to be “streaky”. Facial psoriasis may be in- 
duced/aggravated by allergic contact dermatitis from fragrances. 

Hand eczema is common in fragrance sensitive patients. Santucci et al. 
identified 54 patients sensitive to the fragrance mix. The hands were most 
frequently affected (41%), followed by the face (25%), diffuse (17%), axillae 
(9%) and legs (4%) [15]. Malten et al. also found the hands to be the most 
frequently affected in patients with suspected allergic cosmetic fragrance 
dermatitis [16]. Indeed, patients with hand eczema have an odds ratio of 2.6 
of being sensitized to the fragrance mix compared to patients without 
hand dermatitis [17]. This may be explained by contact with fragranced 
cosmetics and toiletries (soap, shampoo, hand cream), perfumed topical 
drugs, perfumed household products, flavouring materials used in the kit- 
chen, and vegetable foods. Dyshidrotic eruptions are ascribed to ingestion of 
spices. We think that fragrances are rarely the sole cause of hand eczema, 
including occupational cases. Usually patients first have irritant dermatitis or 
atopic dermatitis, which is later complicated by contact allergy to products 
used for treatment (fragranced topical drugs) or prevention (hand creams and 
lotions) of hand dermatitis, or to other perfumed products in the household, 
hobby, or work environment. Atopic dermatitis located at other body sites. 
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perianal dermatitis, and vulvar dermatitis may also be complicated by 
fragrance allergy. 

Irritant Dermatitis 

Few well-documented cases of irritant dermatitis from fragrance materials are 
found in the literature. A large number of persons developed rashes after the 
introduction of a lemon-scented detergent in a hospital. The temperature- 
dependent, primary irritant reaction from the lemon perfume was due to the 
chemical citral. The problem was solved by washing the dishes in colder or 
luke-warm water rather than hot water [18]. Meynadier et al. [14] state that 
irritant reactions occur frequently and are caused especially by products with 
high concentrations of perfume, notably deodorants and antiperspirants. 
However, these authors provide no clinical data or literature references to sub- 
stantiate their claims. Of course, deodorants and antiperspirants are an impor- 
tant cause of irritation, favoured by the humid climate in, and anatomical 
occlusion of the axillae. However, this may well be caused by the alcohol con- 
tent or other ingredients rather than by the fragrance materials. 

Photocontact Dermatitis 

Compared to contact allergic reactions, photocontact dermatitis from fra- 
grances is unusual. Only musk ambrette, a fragrance fixative used both in the 
food and cosmetics industry, has caused a considerable number of photo- 
contact allergy reactions since its first description in 1979 [19]. It is (or was 
formerly) present in colognes, toiletries and perfumes, especially for men, and 
in fragrant oil used by Muslims before prayers. Pigmented photoallergic 
contact dermatitis, airborne pigmented contact dermatitis and lichenoid 
photocontact dermatitis have all been described. Persistent light reactions are 
not rare, sometimes leading to erythroderma. Photocross-reactions have been 
observed to musk moskene and musk xylene. Photodermatitis may be ac- 
quired by “connubial” or “consort” exposure. 

The photqallergenic and phototoxic properties of coumarin derivatives, 
notably 6-methylcoumarin, are well known [20]. Coumarin itself, which is 
widely present in fragrances, does not appear to induce clinical photosensi- 
tization. 6-Methylcoumarin is no longer used in the cosmetics industry. 

Occasionally, positive photopatch tests have been observed to the fragran- 
ce mix, and some phototoxic reactions were noted. Reactions to oak moss and 
its ingredients lichen acids are usually of the contact allergic type, but photo- 
sensitivity may occur to oak moss, atranorin and evernic acid. 

In patients with persistent light reactions in chronic actinic dermatitis, 
a greater incidence of contact sensitivity reactions to certain fragrance mate- 
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rials than in patients with polymorphic light eruption and in patients with 
nonlight contact dermatitis was found [21], suggesting that in some subjects 
with persistent light reaction a significant factor is likely to be exposure to sub- 
stances such as fragrance materials which have the ability to produce derma- 
titis, not only from contact allergic sensitivity but also through photocontact 
reactions involving either phototoxic or photoallergic mechanisms [21]. 
Recently 21 % of 89 patients with chronic actinic dermatitis were found to be 
allergic to fragrances and 6% had photocontact allergy to musk ambrette, 
which seems to confirm the association [22]. Even more of these patients 
(36%) were found to be allergic to the sesquiterpene lactone mix, containing 
allergenic constituents of Compositae plants. Some fragrance materials may 
cross-react with Compositae, and indeed have sesquiterpene lactones been 
suggested as ‘‘screening agents” for fragrance sensitivity. 

Immediate Contact Reactions (Contact Urticaria) 

Contact urticaria to fragrances is usually nonallergic (nonimmune immediate 
contact reactions [23]), caused by a nonallergic histamine-liberating effect. 
Well known causes are balsam of Peru, cinnamic aldehyde [23], cinnamic acid, 
cinnamyl cinnamate, benzyl benzoate and benzyl alcohol. Immediate contact 
reactions can also affect the respiratory tract, as some individuals suffering 
from chronic respiratory problems experience worsening or precipitation of 
their symptoms on exposure to some fragrance materials [6]. 

Pigmented Cosmetic Dermatitis 

In Japan in the 1960s and 1970s many women with bizarre hyperpigmenta- 
tions of the face were observed. Before the relationship with cosmetics was 
discovered, such patients were diagnosed as suffering from RiehPs melanosis 
or “melanosis feminae faciei”. The skin manifestations of (what was later 
called) pigmented cosmetic dermatitis consisted of diffuse or patchy brown 
hyperpigmentation on the cheeks and/or forehead; sometimes the entire face 
was affected. Occasionally, erythematous macules or papules, suggesting 
a mild contact dermatitis, were observed. Itching was sometimes present. In 
1964 contact allergy to cosmetics was first suspected to be the cause of mela- 
nosis feminae faciei; yet it would take nearly 10 years before the term “pig- 
mented cosmetic dermatitis” was coined by Nakayama et al. [24]. Systematic 
investigation of patients suffering from pigmented cosmetic dermatitis with 
patch testing and photopatch testing cosmetic ingredients confirmed that 
many patients with “melanosis feminae faciei” had contact allergy to cosmet- 
ics. It was found that the major sensitizers in cosmetics were coal tar dyes 
(used in decorative cosmetics) and fragrances. Common causative fragrance 
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materials included jasmine absolute, ylang-ylang oil, cananga oil, sandalwood 
oil, benzyl salicylate, benzyl alcohol, methoxycitronellal (a derivative of 
hydroxycitronellal), jS-santalol, geraniol, geranium oil, and patchouli oil. 
Photocontact allergy was less important in the development of pigmented 
cosmetic dermatitis. 

On the basis of their clinical and patch testing experience, Nakayama et al. 
developed the “allergen controlled system” for the production of safer cosme- 
tics, and major cosmetic companies in Japan began to stop using various sen- 
sitizers in their products in 1977. Since 1978 the number of patients suffering 
from pigmented cosmetic dermatitis has decreased remarkably. 

Pigmented cosmetic dermatitis was and is hardly observed in Western 
countries, as the persistent secondary hyperpigmentation to contact dermati- 
tis, which causes the clinical picture, is common in Mongoloids but is not 
observed in Caucasians. Nowadays, cases of pigmented cosmetic dermatitis 
from fragrances are reported infrequently. 

Berloque Dermatitis. Berloque dermatitis is characterized by pigmentation, 
classically in a droplet or pendant-like configuration, usually over the sides of 
the neck in adult females. This cosmetic reaction used to be very frequent, and 
was caused by a phototoxic reaction to 5-methoxypsoralen (bergapten) in 
bergamot oil present in perfumes, resulting in hyperpigmentation with or 
without preceding erythema. This incidence of berloque dermatitis already 
declined in the 1960s, by the reduction of the concentration of natural berga- 
mot oil in perfumes and the use of bergamot oil free of bergapten. Never- 
theless, cases were still reported in 1981 [25]. 

Other Adverse Reactions 

Depigmented airborne contact dermatitis from santalol and musk ambrette 
released from burning incense has been observed [26]. A pemphigoid-like 
allergic reactions was thought to be caused by cinnamic aldehyde [27] . Contact 
dermatitis from the application of spray cologne to the chest and the abdomen 
in a female patient resulted in the development of erythema multiforme with 
progression to toxic epidermal necrolysis and ultimately her death [28]. 
Erythema multiforme-like allergic contact dermatitis was also caused by 
a deodorant. 

Fragrances can induce or worsen respiratory problems [29]. Guin and 
Berry interviewed 90 student nurses. In 4 asthma was thought to be aggravat- 
ed or precipitated by exposure to fragrances, 25 developed rhinitis, and 5 as- 
cribed (worsening of) episodes of urticaria to contact with fragrances [6]. 
Shortness of breath and sneezing from inhalation of fragrances was also found 
in a similar interview study [7]. Persons with respiratory allergy commonly 
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experience aggravation around cosmetic counters, candle shops and perfumes 
worn by other people, for example, in church. This is thought to be due to 
a direct release of histamine rather than an allergic mechanism, caused by 
fragrance ingredients known to cause nonimmunological immediate contact 
reactions [6]. 
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How Do We Test for Fragrance Allergy? 

W. G. Larsen 



Fragrances can cause a number of local and systemic reactions. The following 
are the most common: 

- Contact dermatitis - allergic and irritant 

- Phototoxicity - allergic and toxic 

- Systemic contact dermatitis and toxicity 

- Urticaria - immunological and nonimmunological 

- Asthma and rhinoconjunctivitis 

- Pigmentation and depigmentation 

Contact Dermatitis 

The most common reactions seen by dermatologists to fragrance materials is 
allergic contact dermatitis [1, 2], and this review focuses on testing for contact 
dermatitis. During the 1980s numerous cases were reported of photoderma- 
titis due to musk ambrette [3] and 6-methyl coumarin [4]. The reactions to 
musk ambrette were photocontact dermatitis primarily in men due to after- 
shave lotions. There was a limited outbreak of 6-methyl coumarin photosensi- 
tivity due to increased concentrations of 6-methyl coumarin in a certain 
fragranced sunscreen. Both of these chemicals were removed from the market 
so reactions are rarely seen The International Fragrance Association [5] has 
recommended that musk ambrette not be used on any preparation that 
touches the human skin. Years ago there were perfumes that contained oil 
of Bergamot which caused phototoxic reaction due to the psoralen. Today 
psoralen-free oil of Bergamot is used. The fragrance materials that cause 
phototoxic contact dermatitis are the following[5]: 

- 5- Acetyl- 1 , 1 ,2,3,3,6-hexamethylindane 

- Angelica root oil {Angelica archangelic L.) 

- Bergamot oil expressed {Citrus aurantium L. bergamia Wright et Arn.) 

- Cumin oil {Cumin cyminum L.) 

- Fig leaf absolute {Ficus carica) 

- Lemon oil cold presses {Citrus limon L. Burm. F.) 
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- Lime oil, expressed {Citrus aurantifolia Swingle) 

- Methyl N-methylanthranilate 

- Orange peel oil, bitter {Citrus aurantium L.) 

- Rue oil {Ruta graveolens L.) 

- Tagetes absolute {Tagetes patula L.) 

- Tagetes minute absolute {Tagetes minuta or T. glandulifera) 

- Tagetes oil {Tagetes erecta L.; T glandulifera Schrank) 

- Verbena oil {Lippia citriodora Kunth) 

Detection of Fragrance Dermatitis 

During the 1960s and 1970s Balsam of Peru was a marker for fragrance 
dermatitis. In the late 1970s a fragrance mixture (FM) was introduced as a 
screening preparation. The FM consists of the following eight [8] chemicals: 

- Cinnamic alcohol 

- Cinnamic aldehyde 

- Isoeugenol 

- Eugenol 

- Hydroxycitronellal 

- Geraniol 

- a- Amyl cinnamic aldehyde 

- Oak moss absolute 

Originally the fragrance mixture consisted of these eight [8] chemicals at 
a concentration of 2% each in petrolatum. This proved to be irritating so the 
concentration was reduced to 1% of each component for a total of 8% in 
petrolatum. This 8% fragrance mixture (8% FM) proved effective in detecting 
approximately 70% to 80% of fragrance allergic reactions [6, 7]. In most 
screening series it ranks second to nickel in percentage of positive reactions. 
Recently the emulsifier sorbitan sesquioleate has been added to enhance the 
effectiveness of the mixture. 

A New Fragrance Mixture 

There have been numerous studies to try to improve the screening ability of 
the 8% FM. In 1989 Wilkinson and coworkers tested over 2400 consecutive 
patch test patients to the standard 8 % FM and a new one at 9.5 % [8] . This new 
9.5% FM was similar to the standard fragrance mixture except that dihydro- 
coumarin and citral were substituted for the oak moss and amyl cinnamalde- 
hyde. The overall incidence of allergy to fragrance materials as measured by 
these two mixtures was 7.8% for the 8% FM and 6.7% for the new 9.5% FM. 
Both dihydrocoumarin and citral gave significant number of positive reac- 
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tions. However, the workers did not pursue the use of this new fragrance 
mixture since citral and dihydrocoumarin are no longer commonly used in 
perfumes. 

Testing with Fragrance Materials Based on Quantity 
Used in the United States 

Recently Frosch and members of the European Environmental Contact Der- 
matitis Research Group tested 48 frequently used fragrance chemicals in an 
effort to determine the frequency of reactivity in dermatological patients with 
contact dermatitis [9]. The 48 fragrance materials were chosen based on the 
frequency of use of these materials in three types of 400 commercial products 
on the United States market. These three products were perfumes, household 
products and soaps. For most fragrance materials a concentration of 1 % - 5 % 
was used. Petrolatum was the best vehicle compared to isopropyl myristate 
and diethylphthalate. 

All patients were tested to the standard series used in Europe which in- 
cluded the 8% FM and its eight [8] constituents. A total of 1323 patients were 
tested in the 11 centers. The 8% FM was positive in 8.3% if the patients and 
allergic reactions to the constituents were most frequent to oak moss, iso- 
eugenol, eugenol, cinnamic aldehyde and geraniol. Of the 48 new fragrance 
materials 41 tested were negative. Allergic reactions were observed only 
ten times to seven materials of the new fragrance materials. The positive reac- 
tions were to Iso E Super™ (l,l,6,7-tetramethyl-6-acetyl decalene isomers) 
(n =2), Lyral (4-(4-hydroxy-4-methylpentyl)-3-cyclohexenel-l-carboxaldehyde) 
(n = 3), Cyclacet (3,4-dihydroxycyclopentadien-2/3-yl acetate) (n=l), di- 
methylbenzyl carvinyl acetate (DMBCA) (n = 1), Vertofix™ (Acetylcedrene) 
(n = 1), Citronellal {n = 1), and amyl salicylate (n = 1). The clinical relevance of 
the positive reactions to any of the seven fragrance materials was not proved 
in a single case. Thus they concluded that the top fragrance materials com- 
monly used in various products caused few reactions in dermatological pa- 
tients and these appeared to be clinically irrelevant with the possible exception 
of Lyral. However, this data should be interpreted in light of the relatively small 
number of patients tested (only 100 in most centers). 

Fragrance Mixture and Sorbitan Sesquioleate 

In fragrance mixture positive patients it has been observed that testing to the 
eight constituents of the mixture is negative in a substantial number of cases. 
In 1991 Enders studied this discrepancy and found that by adding sorbitan 
sesquioleate (SSO) to each individual component the reactivity to individual 
components was greatly enhanced. 




How Do We Test for Fragrance Allergy 79 



In 1992 Frosch [10] and members of the Europe Environmental Contact 
Dermatitis Research Group studied this phenomenon in a larger patient base 
consisting of 709 consecutive patients. They found that when testing the con- 
stituents without SSO, 41.5% showed an allergic reaction versus 54.7% with 
the SSO. 

Three-Year Study of Fragrance Materials 

In 1992 a 3-year world wide multicenter (United States, Europe, Japan) inves- 
tigation was launched to expand the information on fragrance sensitization 
[11]. The purpose was to determine the prevalence of responses to selected 
fragrance materials in patients with known allergy and to further evaluate the 
risk factors and association with such responses. In 1992, 167 subjects were 
evaluated in seven centers worldwide with the 8 % EM, the eight ingredients in 
the fragrance mixture, six other well-known fragrance allergens, balsam of 
Peru and 15 less well studied fragrance materials (Table 1). By design one-half 
of these patients were fragrance sensitive by history only and the other half 
were fragrance sensitive by past positive patch tests to fragrance materials. 
Eighty-five percent of the patients were female. The face and hands were the 
most common sites of clinical involvement. Of these patients 47.3% reacted to 



Table 1. Responses to fragrance ingredients (n = 167) 



Ingredient 


Responses 

(%) 


Ingredient 


Responses 

(%) 


Fragrance mix 8 


47.3 


a- Amyl-cinnamic aldehyde 5 


3.0 


Balsam of Peru 25 (N-125) 


27.2 


Benzyl salicylate 2 


3.0 


Ylang-ylang oil 10 


17.4 


Patchouli oil 




Cinnamic aldehyde 1 


14.4 


(C V Kaimun Medan) 10 


3.0 


Hydroxycitronellal 4 


13.8 


Helional (IFF) 5 


2.4 


Isoeugenol 4 


13.8 


Cedramber 5 


1.8 


Hydroxycitronellal 7 


13.8 


Anisyl alcohol 5 


1.8 


Oak moss absolute 5 


13.2 


Benzyl alcohol 5 


1.2 


Eugenol 5 


7.8 


Violet leaves absolute 2 


1.2 


Narcissus absolute 2 


6.6 


Lilial 5 


1.2 


Cinnamic alcohol 5, 




Coumarin 5 


1.2 


lanohn 


6.6 


Lanolin (purified) as is 


1.2 


Sandela (Givaudan) 5 


6.6 


Floropal 5 


1.2 


Sandalwood oil 10 


6.6 


Musk ambrette 5 


1.2 


Majantol (Drom) 5 


5.4 


Ligustral (Schiff’s base) 5 


0.6 


Benzyl salicylate 5 


4.8 


Helional (Schiff’s base) 5 


0.6 


Galbanum resin 2 


4.8 


Cashmeran 5 


0.6 


Geraniol 5 


3.0 


Petrolatum as is 


0.6 


Sandalore (Givaudan) 5 


3.0 


Sorbitan sesquioleate 20 


0.6 
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Table 2. Differences in response in patients of different 


races: percentage allergic 


Test substance 


Caucasians (n = 1 17) 


Asians (n = 48) 


p 


Fragrance Mix 8 % 


52.8 


25.5 


<0.01 


Isoeugenol 


15.8 


4.2 


0.04 


Oakmoss absolute 


14.2 


2.1 


0.03 


Benzyl salicylate 


1.7 


10.6 


0.01 



the fragrance mixture. There were fewer positive responses elicited to the 
8% FM, isoeugenol and oak moss absolute in Asians when compared to 
Caucasians. In contrast Asians were more likely to exhibit a response to benzyl 
salicylate (Table 2). The response to the 8% FM in the United States and 
Europe were similar. Oak moss absolute produced more responses in Europe 
than in the United States or Japan. 

Frequent reactions were seen to the 8% FM, balsam of Peru, ylang-ylang 
oil, narcissus absolute and sandalwood oil. Reactions to the 8% FM were con- 
cordant with 290 of a total of 328 positive responded to the individual test 
materials (i.e. 88.4% of all positives). Sensitivity of ylang-ylang oil. Narcissus 
and sandalwood oil as a possible second group of screening test substances to 
be formulated as a mixture was evaluated. Testing with these three naturals 
would pick up 19 positives that would have been missed with the 8% FM 
alone, yield an attributable improvement in positive response frequency of 
6%. Thus, by using both mixtures, a detection rate of 309 positives, or 94.2% 
of the responses obtained by testing with all the individual fragrance in 
gredients. Balsam of Peru was tested on only 148 of the study patients (not 
tested in Japan). Balsam of Peru elicited six positive responses that were 
missed by the two mixtures. Thus balsam of Peru improved the proportion of 
positive responses to individual ingredients that were predicted to 315 or 96%. 
The data thus suggests that using a second fragrance mixture consisting of 
the natural materials ylang-ylang oil, narcissus and sandalwood oil might be 
useful in extending the usefulness of the 8% FM. The second study in 1993 
showed a significant number of reactions to Jasmine absolute 10% in petrola- 
tum and spearmint oil 5 % in petrolatum. The final study in 1994 showed a sig- 
nificant number of reactions to clove bud oil 10% in petrolatum. This year an 
international study comparing the 8% FM with a newly designed natural fra- 
grance mixture was started. 

This new fragrance mixture consists of five nature fragrance materials in 
petrolatum: 

- Ylang- Ylang oil 2 % 

- Narcissus absolute 2% 

- Sandalwood oil 2 % 
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Table 3. Synthetic jasmine with components of the 8% FM 



Benzyl acetate 


31.90% 


AnetholUSP 


0.50% 


Benzyl alcohol 


11.76% 


Cycloprop 


0.80% 


Phenyl ethyl alcohol 


12.69% 


Nonalactone 


0.50% 


Linalool 


11.10% 


Methyl anthranilate 


1.00% 


Gamma decalactone 


2.28% 


Cinnamic alcohol 


1.00% 


Para cresyl methyl ether 


0.13% 


Cinnamic aldehyde 


1.00% 


Benzyl salicylate 


4.52% 


Eugenol 


1.00% 


Hexyl cinnamic aldehyde 


6.34% 


Isoeugenol 


1.00% 


Hydroxycitronellal 


1.00% 


Geraniol 


1.00% 


Butyl cinnamic aldehyde 


3.88% 


Oakmoss absolute Yugo. 




Methyl dihydro jasmonate 


3.00% 


(Charabot) 


1.00% 


Indol 


0.80% 


Jasmine absolute Egyptian 




Ethyl benzoate 


0.80% 


(Charabot) 


1.00% 



- Jasmine absolute 2 % 

- Spearmint oil 2 % 

The composition of the natural mixture is based on the results obtained in the 
three year international study. The natural fragrance mixture is being used to 
determine whether it extended the screening ability of the original 8% FM. 
The disadvantage of natural materials is that these substances are not chemi- 
cally defined and may vary from batch to batch depending on where and when 
the natural materials are processed. Balsam of Peru is also being tested as is 
a newly designed synthetic jasmine. This synthetic jasmine also contains the 
ingredients of the 8% FM (Table 3). 

The Future 

Fragrance are constantly changing in the marketplace as new synthetic mate- 
rials are developed. Therefore, epidemiological studies are important to deter- 
mine which fragrance materials are causing allergic reactions. Some patients 
are found to be allergic to a perfume but have negative reactions to the fra- 
grance mixture and balsam of Peru. These patients are of great interest since 
they presumably have an allergen which has not been well defined. These pa- 
tients should be tested to all of the components of the perfume in order to 
determine the specific allergen. By doing this we will find new allergens and 
can consider them in future fragrance screening series. Most perfume compa- 
nies are cooperative and provide individual constituents of the perfumes for 
patch testing. Normally four fractions of the perfume are provided. When 
a positive reaction is encountered, that particular fraction is further broken 
down into all of the individual components. This procedure was recently 
reported by Handly and Burrows [12] who had two patients who broke out to 




82 W.G. Larsen: How Do We Test for Fragrance Allergy 



a perfume in two separate deodorant preparations. These workers tested the 
components of the perfume and found that the patients were allergic to lyral 
and acetyl cedrene. This case is a great interest since only three cases of 
lyral sensitivity have previously been reported and no cases of acetyl cedrene 
have been recognized. Thus they discovered a new fragrance material, acetyl 
cedrene, which may be of value in epidemiological studies. 

At the present time, the 8% FM and balsam of Peru in a screening series is 
essential since they detect approximately 80 % of fragrance sensitivity. Adding 
a synthetic jasmine to the screening series is also useful [13]. 
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Fragrance Hypersensitivity and Its Control 

Hideo Nakayama 



Fragrances have been used by mankind more than 3000 years, Judging from 
the perfume container discovered in an ancient ruin in India and from 
a fresco showing ladies enjoying perfume in Egypt. They will surely also be 
used in the future since they are a kind of art, and at the same time are a 
part of our daily necessities such as cosmetics, toiletries and food. Some 
fragrances, however, have been demonstrated to be allergenic, and responsible 
for causing cosmetic dermatitis. Therefore discovering these “trouble making” 
fragrances was the first stage. Replacing them with alternative fragrances was 
then necessary at the second stage. This combination project has been carried 
out in Japan since 1970. This is a short report on the history of the project. 

Project to Discover Coinmon Cosmetic Sensitizers 

In the 1960s many Japanese women suffered severe cosmetic dermatitis. 
There are two clinical types: the first is ordinary allergic contact dermatitis 
with symptoms of erythema, swelling, itching, papules and fine scaling. 
Histopathological findings spongiosis of the epidermis and perivasular 
lymphocytic and monocytic infiltration of the upper dermis, a typical feature 
of type IV hypersensitivity. The second type is a bizarre reticular or diffuse 
brown or black hyperpigmentation of the face, which could not be cured by 
any treatment before 1 972, when a treatment by the name of “allergen control” 
started (Fig. 1). 

Biopsy revealed that the causation of this persistent hyperpigmentation 
was pigmentary incontinence, an accumulation of melanin released from 
the cytolysis of basal and suprabasal prickle layer cells by the attack of 
lymphocytes. As this pigmentary disorder of the face was so disastrous and 
was suspected to result from contact hypersensitivity, because of the presence 
of cytolysis associated with lymphocyte invasion, a project was started to dis- 
cover the unknown contact allergens in cosmetics in 1970 [2]. 

A total of 477 cosmetic components, including fragrances, pigments, base 
materials and preservatives, were patch tested for 2 days to detect their irri- 
tancy on a few volunteers as the first trial. Then 287 selected components were 
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Fig.la-c. A 50-year-old woman suffering from severe pigmented cosmetic dermatitis of 
the face, a The dark brown diffuse pigmentation could not be cured by any antisympto- 
matic treatment, b A patch test showed that she was strongly sensitized to a variety of 
fragrances such as jasmine, canaga oil, ylang-ylang oil, geraniol, eugenol, hydroxycitron- 
ellal, balsam of Peru, and lavender oil, which were patch-tested at nonirritating concentra- 
tions. Lefty there was no exacerbation of photopatch testing with UV-A, irradiated at 
5.85 j/cm^. Pigments showed negative results. Allergen control, i.e., the use of only allergen- 
free soaps (solid Minon) and cosmetics (As ceine) prevented further recurrence of the 
dermatitis, and she was cured completely after 2 years of use. c Relapse did not occur as she 
avoided contamination of ordinary cosmetics and soaps for 15 years 
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patch tested on 30-40 healthy volunteers to confirm the highest concentra- 
tions without causing irritation as the second trial. These concentrations were 
chosen because a previous test reported by a dermatologist and a fragrance 
company failed to discover cosmetic allergens when these components were 
patch tested at 0.1 % - 0.5 % concentrations, revealing that such concentrations 
must have been too low to detect the causative contact allergens. Primary sen- 
sitizers, such as methyl heptine carbonate and costus root oil, were discovered 
at this second trial, and it was decided not to test these further on the pa- 
tients [2]. 

In the third trial the cosmetic components which showed negative results 
on the 30-40 healthy volunteers were rearranged into ten groups, and patch 
tested on dermatitis patients. This was 6 years before the invention of the 
Finn-Chambers; therefore these patch test materials were patch-tested using 
a classical vinyl patch test plasters carrying round cotton pads of 8 mm in 
diameter (Miniplaster, Torii Pharmaceutical, Japan). The fragrance materials 
were patched for 2 days and were removed on the morning of the 2nd day so 
that the reading of the 2nd day (approximately 48 h) could be made a few to 
several hours after the removal of the patch test. The reading was made on the 
2nd, 3rd and 7th days of the patch test. The patients were classified into 
pigmented cosmetic dermatitis, cosmetic dermatitis without pigmentation 
and dermatoses other than cosmetic dermatitis. The statistical significance 
using the F test was calculated between two groups, a cosmetic dermatitis 
group, including pigmented and nonpigmented cosmetic dermatitis, and 
controls, including dermatoses other than cosmetic dermatitis and healthy 
volunteers. Those cosmetic components which showed significant high F 
values were regarded as cosmetic allergens on the condition that the positive 
patch test reactions were allergic in nature, and reproducible [3]. Those which 
showed almost no positive reactions at such high concentrations of 5% - 10%, 
showing F test values from 0 to 5, were regarded as cosmetic components 
which did not sensitize, even though they had been used in quantity by the 
industry. An example of the reactivity is shown in Table 1. 

A number of common cosmetic sensitizers in the Fig. 2 were discovered or 
confirmed during 1970 and 1975, and after that period, several new allergens, 
such as D&C yellow no. 11, artificial sandalwood (a mixture of bornyl methoxy 
cyclohexanol and other components), armoise oil, bay oil, spearmint oil, 
narcissus absolute, and Iso E super were found. As primary sensitizers D&C 
yellow no. 11, costus root oil and methylheptine carbonate were the first to be 
discovered, followed by damascone and damacenone. These primary sensitizers 
were not patch tested on the patients except for D 8c C yellow no. 1 1 because they 
were found to have been primary sensitizers at the stage of volunteer testing. 

D & C yellow no. 11 was a primary sensitizer at 5% in a polyethyleneglycol 
base, but was continued to be patch tested especially on systemic lupus ery- 
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Table 1. Reactivity of ylang-ylang oil (5% in petrolatum, evaluated in 1974) 



Reactions Cosmetic dermatitis Controls Total 



Pigmented Not 


Other Healthy 


pigmented 


dermatoses 



(+),(4f) 


9 


4 


3 


0 


16 


?(+) 


10 


9 


3 


0 


22 


(-) 


102 


96 


112 


40 


350 


Subtotal 


121 


109 


118 


40 




Total 


230 






158 


388 



Cosmetic dermatitis vs. controls: F = 11.10,p < 0.01. 



Table 2. Reactivity of D & C yellow no 1 1 (5 % in polyethyleneglycol, evaluated up to 1979) 



Reactions 


Cosmetic dermatitis 


SLE 


Other diseases 


Total 


i+)A^) 


4 


5 


1 


10 


?(+) 


4 


1 


3 


8 


(-) 


39 


3 


27 


69 


Total 


47 


9 


31 


87 



themathosus (SLE) patients, for this reason it was regarded an important 
causation of SLE at that time (Table 2) [4], D & C yellow no. 11 was prohibited 
to be used in cosmetics except for hair and nail preparations in 1980 by the 
Japanese Government, and after that there was a remarkable decrease in the 
frequency of severe cases of SLE in young women; therefore the patch test of 
D 8rC yellow no. 11 was regarded as unnecessary thereafter. It was after the 
introduction of D 8c C yellow no. 1 1 especially in lipsticks that there occurred a 
worldwide outbreak of SLE, a new disease after the World War II, and today 
young women with severe SLE are rare in Japan. Considering the fact that suc- 
cessive injection of D 8c C yellow no. 1 1 with complete adjuvant produces serum 
antinuclei antibody in rabbits with cutaneous erythema, yellow no. 1 1 was appa- 
rently one of most disastrous cosmetic allergens in the history of mankind. It is 
strongly recommended that D 8c C yellow no. 1 1 be prohibited worldwide [5]. 

As for fragrances, it was only hydroxycitronellal that produced several posi- 
tive reactions in SLE patients, and they were not regarded as important aller- 
gens associated with SLE. On the other hand, patients with ordinary cosmetic 
dermatitis and pigmented cosmetic dermatitis (PCD) produced numerous 
positives with a variety of fragrances. 

Common cosmetic sensitizers newly discovered by this project included 
jasmine absolute, ylang-ylang oil, cananga oil, sandalwood oil, artificial san- 
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Cosmetic contact allergens discovered or detected during 1970 and 1975 


1970 1971 1972 


1973 1974 


1975 


Hydroxycitronellal Benzyl salicylate 


Red-219 
(D&C 
Red 31) 


Jasmine oil Methoxycitronellal 


Isosafrol 


a-Hexylcinnamic aldehyde 
Patchouli oil 
Geranium oil 


Benzyl propionate 
Benzyl alcohol 
Methyl salicylate 




Cananga oil 
ylang ylang oil 
Vetivers 
Sandal wood oil 
1 Costus root oil* 

1 Methyl heptine carbonate* 

* Primary sensitizers 







Fig. 2. Cosmetic contact allergens discovered or detected between 1970 and 1975 



dalwood, benzyl salicylate, methoxycitronellal, geraniol, geranium oil, and hay 
green [1-3]. Hydroxycitronellal, which was reported as a causation of a case of 
occupational contact dermatitis by Saito [6], was also found to have been 
a common cosmetic sensitizer by this research project [Ij. Rare cosmetic 
sensitizers newly discovered included vetivers, narcissus absolute, bay oil, 
armoise oil, spearmint oil, and eucalyptus oil. 

Such discoveries in addition to the knowledge of fragrance allergens repor- 
ted previously to this project, such as bergamot oil, rose oil, lavender oil, cin- 
namic derivatives and eugenol [7], enabled the group to perform an allergen 
control, the first trial in the world to eliminate all the conceivable and detected 
allergens from the soaps, shampoos, and cosmetics for the patients’ contact 
environment. The system composed of patch test reagents, including fragran- 
ces, pigments such as D8cC red 31 (Japanese name: R-219) [8, 9], D & C yellow 
no. 10 (Japanese name: Y-203), wool alcohols and methylparaben. Miniplaster, 
UV- A irradiator for photopatch testing, allergen-controlled soap (Minon) and 
cosmetics (Acseine) were at that time designated Allergen Control System 
(ACS) [1-3]. 

The introduction of ACS successfully disclosed the responsible contact sen- 
sitizers in soaps, shampoos and cosmetics for the pigmented and nonpigmen- 
ted cosmetic dermatitis patients, and at the same time, could completely cure 
this disastrous cosmetic trouble at the rate of 75% by 1977 [3]. It was an 
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epoche-making event in the field of contact hypersensitivity. The success 
strongly suggested that a close support of cosmetic industries and fragrance 
industry to dermatologists was most recommended to solve the contact der- 
matitis problems caused by cosmetics and toiletries. 

Prevention 

After the causative cosmetic sensitizers were confirmed by repeated study of 
patch testing and the effect of allergen control, it was natural that prevention 
of cosmetic dermatitis was planned in 1977. After this year efforts have been 
concentrated to find out not only new contact allergens in cosmetic materials 
but also materials which can be used by the cosmetic industries without cau- 
sing cosmetic dermatitis and the secondary hyperpigmentation. Similar trials 
performed after 1977 resulted in the discoveries of a few new allergens, con- 
firmation of already discovered allergens, and their cross-sensitizers, and also 
the discoveries of a number of fragrances which did not show positive reac- 
tions on either the cosmetic dermatitis patients or the controls even at high 
concentrations of 5%-10%. The latter were regarded as very safe materials 
even to the patients hypersensitive to various cosmetic components judging 
from clear negative results of patch testing. In 1980 the accumulated data ena- 
bled the classification of fragrant materials into four groups (see “Appendix”). 
The mixture of numerous class C and D fragrances actually eliminates all the 
common and rare sensitizers. It was the perfumers’ skill that decided the 
nature of the fragrances they made for the products, having the notes such as 
bouquet, oriental, floral, etc. Hitoshi Hiroyama, an extraordinarily excellent 
perfumer of the Hasegawa Perfumery Company, Tokyo, could make a hypo- 
allergenic jasmine oil using only class C and D fragrances. The results of patch 
testing performed by a project E-360 in eight countries (United States, Japan, 
Germany, Ireland, Switzerland, Sweden, Denmark, United Kingdom) showed 
no positives among 178 persons tested, while 16.9% positively reacted when 
jasmine absolute was patch-tested at the same concentration of 10% in petro- 
latum. It was amazing that even having a similar note of jasmine, the mixture 
of class C and D fragrances did not produce any positive reaction among most 
hypersensitive persons to fragrances in eight countries [10]. 

Less success was experienced with hypoallergenic ylang-ylang oil, pre- 
sumably because it was not only dehydrodiisoeugenol but also cinnamic deri- 
vatives that were the contact sensitizers in it. Even with the use of class C and 
D fragrances 7.3% of the 192 internationally studied patients positively reac- 
ted to hypoallergenic ylang-ylang oil, while 17.2% of the same patients positi- 
vely reacted to natural ylang-ylang oil at the same 10% concentration. 

Since about 1980 some Japanese cosmetics companies have adopted the 
Guideline System, by which they can avoid the usage of class A fragrances 
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(Fig. 3). This had resulted in the great decrease in the positive rates of common 
fragrance sensitizers. An international comparative study on the previously 
mentioned E-360 has demonstrated significantly lower positive rates in Japan 
than in the United States and Europe [10]. Apparently Japanese cosmetic com- 
panies had to use class B, C and D, whereas fragrance companies were honest 
enough to avoid the use of class A fragrance after the Guidelines were re- 
quested by cosmetic companies. 

Conclusions 

To decrease the incidence of certain allergens such as fragrance materials, 
their use can easily be avoided by using alternative materials. Guidelines to 
avoid them have already been set up by a part of the cosmetic industry. The 
history of discovering fragrance allergens and their substitutes over the past 
26 years shows that it is important for us not only to discover contact sensi- 
tizers but also to discover substitutes for allergens by patch testing. The usage 
of class C and D fragrances are more highly recommended to the cosmetic 
industry than class A and B fragrances. 
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Appendix 


Class A fragrances (common cosmetic sensitizers and primary* sensitizers) 


Hydroxycitronellal {d Sc dj) 


Geranium oil 


Jasmine absolute 


Sandalwood oil 


Ylang-ylang oil 


Artificial sandalwood 


Cananga oil 


(Bornyl methoxy cyclohexanol containing 


Cinnamic alcohol 


artificial sandalwood) 


Cinnamic aldehyde 


Hay green 


Eugenol 


Musk ambrette 


Isoeugenol 


Armoise oil 


Benzyl salicylate 


Narcissus absolute 


Balsam of Peru 


Lavender oil 


d-Carvone 


Bay oil 


1-Carvone 


Violet leaves absolute 


Costus root oil* 


Methylheptine carbonate* 


a-Damascone 


Methyloctine carbonate* 


Geraniol 


^-Damascone* 


Class B fragrances (rare sensitizers) 


Amylis oil 


Fir balsam absolute 


Citral diethyl acetate 


Nutmeg oil 


/-Hydroxycitronellal 


d-Methoxycitronellal 


Vetiver oil 


cis-3-Hexenyl acetate 


a-Ionone 


Acetivenol 


p-lonone 


Allyl cyclohexyl propionate 


Methylisoeugenol 


Bourgeons de cassis absolute 


Clove buds oil 


j3-Damacenone 


Cedarwood oil 


5-Cyclohexadecenone 


Basil oil 


Rose de May absolute 


Cedramber 


y-Methylionone 


Oakmoss absolute 


a-Methylionone 


Petitgrain citronnier 


Others 


Iso E super 




Class C fragrances (virtually nonsensitizing fragrances) 


Isoamyl salicylate 


Gerany nitril 


y-Dodecalactone 


Lyral 


Guaiacyl acetate 


Musk tibetene 


6-Isobutyl quinoline 


Ligustral 


y-Undecalactone 


£-Nonalactone 


Neroh oil 


Rosemary oil 


Bergamot oil EL (furocoumanrinfree) 


p-fert-Butyl cyclohexyl acetate 


Tetrahydrogeraniol 


Allyl amyl glycolate 


£-Decalactone 


Allyl ionone 


cfs-3-Hexenol 


Ambrette seed oil 


Musk ketone 


Bois de rose oil 


Citral hexylene glycol acetal 


Linalool 
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Class C fragrances (virtually nonsensitizing fragrances) (continued) 


Caraway oil 


Mentyl acetate 


Citronellyl acetate 


Petigrain oil 


Cumin oil 


/-Nonanal 


/-Methoxycitronellal 


/-Decanal 


Isobutyl salicylate 


Bacdanol 


Phenyl propyl alcohol 
Lavandin oil 


Others 


Class D fragrances (Considered as nonsensitizers) 


Linalool oxide 


£-Dodecalactone 


Dihydro linalool 


Phenylethyl isoamyl ether 


Dihydro myrcenol 


Mandarin oil 


Myrcenyl acetate 


Octyl dodecanol 


Pentalide 


Almond oil 


Phenylethyl salicylate 


Phenylacetaldehyde dimethylacetal 


Tonka absolute 


Jasmal 


Tetrahydro linalool 


d-Nonalactone 


Tetrahydromuguol 


d-Undecalactone 


Tetrahydromyrcenol 


y-Nonalactone 


Isopropyl myristate 


y-Decalactone 


Hedione 


(5-Dodecalactone 


Citronellyl nitrile 


Isobuthyl angelate 


Lemon FL (furocoumarinfree) 


cfs-3-Hexenyl salicylate 


Lime oil FL (furocoumarinfree) 


Others 



References 

1. Nakayama H (1974) Perfume allergy and cosmetic dermatitis. Jap J Dermatol 
84:659-667 (in Japanese) 

2. Nakayama H, Hanaoka H, Ohshiro A (1974) Allergen controlled system 1-42. Kaneha- 
ra Shuppan, Tokyo 

3. Nakayama H, Matsuo S, Hayakawa K et al. (1984) Pigmented cosmetic dermatitis. Int J 
Dermatol 23 : 299 - 305 

4. Inamoto N, Nakayama H, Hirai A (1979) Two cases of lupus erythematosus, allergic to 
Y-204. Rinsho-Hifuka 33:1075-1082 (in Japanese) 

5. Nishiyama O, Suzuki A, Nakayama H (1988) A case of SLE acutely aggravated after the 
fifth day of the strong positive D8cC yellow no.ll patch test. Hifu 30(4): 113 -121 (in 
Japanese with English abstract) 

6. Saito F (1960) A case of perfume dermatitis. Hifuka-Rinsho 2:930-933 (in Japanese) 

7. Fisher AA (1967) Contact dermatitis. Lea & Febiger, New York 

8. Nakayama H, Harada R, Toda M (1976) Pigmented cosmetic dermatitis. Int J Dermatol 
15:673-675 

9. Kozuka T, Tashiro M, Sano S et al. (1979) Brilliant Lake Red R as a cause of pigmented 
contact dermatitis. Contact Dermatitis 5:297-304 

10. Larsen W, Nakayama H, Lindberg M et al. (1996) Fragrance contact dermatitis: a world- 
wide multicenter investigation. I. Am J Contact Dermatitis 7 : 77 - 83 




Are Major Components of Fragrances a Problem? 

P. J. Frosch, on behalf of the European Environmental 
and Contact Dermatitis Research Group (EECDRG) 



The fragrance mix (FM), or perfume mix, as introduced for screening by 
Larsen [1] in 1977, contains eight basic constituents of perfumes commonly 
used at that time (eugenol, isoeugenol, oak moss, geraniol, hydroxycitronellal, 
a-amyl cinnamic aldehyde, cinnamic alcohol, and cinnamic aldehyde). 
Originally formulated at 16% in petrolatum (pet., 2% of each constituent), it 
frequently produced irritant reactions; therefore the FM was lowered to 8%. 
With this mix, the response rate in dermatological patients presently ranges 
worldwide from 4% to 11 %: Germany, from 7.5% [2] to 11.2% [3]; Denmark, 
5.5 % [4] ; Belgium 8.3 % (A. Dooms-Goossens, personal communication); Por- 
tugal, 4.2% (329 children) [5]; Sweden, 5.6% [6]; and in Europe as a whole, 
7.8% (2455 patients at eight centres [7]). 

In most lists of frequent allergens, the FM ranges among the top five, usual- 
ly number two after nickel sulfate. Although it is frequently stated that the FM 
often produces false-positive reactions, the European Environmental and 
Contact Dermatitis Research Group (EECDRG) was able to demonstrate in 
a large study on 702 patients that clinical relevance does exist in at least two 
thirds of positive patch test results [8]. The highest proportion of 2+ and 3+ 
reactions was found in the group with a positive fragrance history (55/82 = 
67%). However, quite a few reactions were observed without a clear clinical 
history. The proportion of negative or doubtful relevance was particularly 
high in the group of 1+ (39/53) and doubtful reactions (57/70) (Table 1). 



Table 1. Intensity of patch test reactions to the 8% fragrance mix and/or constituents in 
relationship to history (from [8]) 



Fragrance history 


±/IR 


+ 


++ 


+++ 


Total 


Positive 


13 


14 


39 


16 


82 


Negative 


52 


25 


26 


0 


103 


Doubtful 


5 


14 


18 


2 


39 


Total 


70 


53 


83 


18 


224 
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For this reason, testing with the current FM has been frequently criticised: 

1. ‘The sensitizing capacities of these eight constituents are well-known and 
no conscientious perfumer would compose such a “cocktail of super aller- 
gens” for one product’. 

2. ‘Institutions such as the International Fragrance Association (IFRA) and 
the Research Institute for Fragrance Materials (RIFM) have published 
recommendations regarding the safe usage of these and other fragrance 
components which are followed by most manufacturers (concentration 
limits and even bans on certain fragrances)’ [9]. 

3. ‘The overwhelming majority of fragrance constituents is either non-sensi- 
tizing or, if so, is used at such low concentrations that no risk for the con- 
sumer will ensue. Dermatologists do not test and therefore paint an unju- 
stified, “negative picture” of the fragrance industry’. 

Fenn [10] has examined the ‘aroma chemical usage trends in modern per- 
fumery’ by detecting the top 25 materials in ‘fine fragrances’ (perfumes, toilet 
water, some creams), household products (fabric softener, cleaners) and soaps 
(bar, tablet). Each group included products commonly purchased in the Uni- 
ted States. Fenn composed a list of the most frequently used fragrance materi- 
als in the year 1987/88, based on quantitative analysis (vol %). 

Intrigued by this list, the EECDRG performed a patch test study with these 
Fenn Fragrances (FF). The major aims of this study were to answer the follo- 
wing questions: 

1. Are dermatological patients sensitized to these materials? 

2. If so, what is the clinical relevance of the reactions? 

3. Can one or a series of FF replace the current fragrance mix for identifying 
fragrance-sensitive patients? 

Materials and Methods 

The details of this study have been published [11]. Briefly, a total of 48 
fragrance constituents were tested in 1 1 centres on consecutive patients of the 
patch test clinic. A total of 1323 patients were examined, with testing con- 
sisting in most centres of a minimum of 100 patients exposed to a set of five 
chemicals. Concentrations ranged from 0.1% to 5% in petrolatum (most ma- 
terials were tested at 1% and 5%). Concentration and vehicle were based on 
an initial study. Isopropyl myristate was found to be an unsuitable vehicle 
because of the high number of irritant reactions it triggered. Diethylphthalate 
was also not regarded as appropriate because reactivity was too low - allergic 
reactions were absent in cases where the same fragrance in petrolatum had 
produced strong reactions. All FF materials were of high-grade quality and 
kindly provided by Harmann and Reimer (Holzminden, Germany). 





94 P. J. Frosch 



The 8% fragrance mix contained 5% sorbitan sesquioleate (SSO) as emul- 
sifier; the eight constituents were tested at 1% with the addition of 1 % SSO; the 
vehicle was petrolatum. 

The standard patch test procedure was carried out with Finn chambers on 
Scanpore tape applied for 2 days to the back with readings on days 2 and 3 (or 
in some centres on days 2 and 4) as described by Wahlberg [12]. 

Results 

An excerpt of the extensive data is given in Tables 2 and 3. The FF series pro- 
duced only a few reactions, the majority of patients being negative to these 
materials. In contrast, the 8% FM caused allergic reaction at a frequency of 
8.3% (ranging from 5% to 14% in nine centres). In the ‘breakdown’ the con- 
stituents of the mix were frequently positive: oak moss, isoeugenol and 
eugenol were among the top three. 



Table 2. Results of patch tests with Fenn Fragrances (FF) (from [12]) 





Concentration (%) 


Positive/tested 


Positive (%) 


Allergic reactions^ 


Amyl salicylate 


5 


1/100 


1.0 


Lyral 


5 


3/106 


2.8 


Lyral 


1 


1/106 


0.9 


Vertofix (acetyl cedrene) 


1 


1/100 


1.0 


Citronellol 


1 


1/100 


1.0 


Amyl salicylate 


5 


2/100 


1.0 


Eugenol 


5 


2/107 


1.9 


Hydroxycitronellal 


5 


1/107 


0.9 


Hydroxycitronellal 


1 


1/107 


0.9 


Iso E Super (1,1,6,7-tetra- 


5 


1/313 


0.3 


methyl-6-acetyl decalene 
(isomers)) 


Iso E Super (1,1,6,7-tetra- 


1 


1/313 


0.3 


methyl-6-acetyl decalene 
(isomers)) 


Cyclacet 


5 


1/313 


0.3 


DMBCA (dimethylbenzyl 


5 


1/313 


0.3 


carbinyl acetate) 

Doubtful of irritant reactions^ 


Linalool 


5 


1/100 


1 


Linalool 


1 


1/100 


1 


Benzyl acetate 


1 


1/100 


1 


Benzyl salicylate 


5 


1/100 


1 
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Table 2 (continued) 










Concentration (%) 


Positive/tested 


Positive (%) 


Galaxolide 50 (1,3>4,6,7,8- 


1 


1/100 


1 


hexahydro-4,6,6,7,8,8-hexa- 

methyl-cyclopenta-gamma-2- 

benzopyran) 


Citronellol 


5 


2/100 


2 


Citronellol 


1 


1/100 


1 


Amyl salicylate 


5 


1/100 


1 


Amyl salicylate 


1 


2/100 


2 


Vanoris (isononyl acetate) 


0.1 


1/192 


0.5 


Musk xylene 


1 


3/192 


1.6 


Musk xylene 


0.1 


2/192 


1 


Musk ambrette 


0.1 


1/192 


0.5 


Limonene 


1 


1/192 


0.5 


Citral (IFRA) 


1 


2/192 


1 


Citral (IFRA) 


0.1 


1/192 


0.5 


Lemon grass oil 


0.1 


1/95 


1.1 


Geranium o. B. 


5 


2/200 


1 


Methyl octine carbonate 


1 


1/205 


0.5 


Lavandinoil 


5 


1/205 


0.5 


lonone alpha 


5 


1/205 


0.5 


lonone beta 


5 


2/205 


1 


Alpha-isomethyl-ionone 


5 


1/205 


0.5 


Alpha-isomethyl-ionone 


1 


1/205 


0.5 


Negative reactions 


Linalyl acetate 


5,1 


0/100 


0 


Phenyl ethyl alcohol 


1 


0/100 


0 


Benzyl acetate 


5 


0/100 


0 


Benzyl salicylate 


1 


0/100 


0 


Coumarin 


5,1 


0/100 


0 


Terpineol 


5,1 


0/100 


0 


Hedione (methyl dihydro- 


5,1 


0/100 


0 


jasmonate) 


Hexyl cinnamic aldehyde 


5,1 


0/100 


0 


Methyl ionone gamma 


5,1 


0/106 


0 


Terpinyl acetate 


5,1 


0/106 


0 


Lilial 


5,1 


0/106 


0 


Geraniol 


1,0.1 


0/106 


0 


Heliotropine 


5,1 


0/106 


0 


Galaxolide 50 


5 


0/100 


0 


Vertofix (acetyl cedrene) 


5 


0/100 


0 


Musk ketone 


5,1 


0/100 


0 


Eugenol 


1 


0/107 


0 


Vertenex 


5,1 


0/107 


0 


Isobornyl acetate 


5,1 


0/107 


0 


Amyl cinnamic aldehyde 


5,1 


0/107 


0 


Tonahde 


5,1 


0/313 


0 
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Table 2 (continued) 



Concentration (%) Positive/tested Positive (%) 



Cyclacet 


1 


0/313 


0 


DMBCA 


1 


0/313 


0 


Verdox 


5,1 


0/313 


0 


Vanoris (isononyl acetate) 


1 


0/192 


0 


Musk ambrette 


1 


0/192 


0 


Limonene 


0.1 


0/192 


0 


Lemon grass oil 


1 


0/95 


0 


Isoamyl salicylate 


5,1 


0/95 


0 


Cedarwood oil 


5,1 


0/95 


0 


Jasmine absolute (Egypt) 


5,1 


0/95 


0 


Salicylaldehyde 


5,1 


0/95 


0 


Ethyl vanillin 


5 


0/200 


0 


Orange oil (Brasil) 


5,1 


0/205 


0 


Methyl octine carbonate 


0.1 


0/205 


0 


Lavandin oil 


1 


0/205 


0 


lonone alpha 


1 


0/205 


0 


lonone beta 


1 


0/205 


0 



^ In order to be classified an allergic reaction, material has to produce at least a l"^ reaction. 
^ Materials with doubtful or irritant reactions. 



Table 3. Results of testing with the 8% fragrance mix and its constituents (FM) in white 
petrolatum with 5% sorbitan sesquioleate (SSO) and with 1% SSO, respectively. Summary 
of nine centers with a total of 1072 patients (from [11]) 



Material 


Cone. 

{%) 


Irritant 
or? + 


Positive 
+ to +++ 


FM 


8 


29 (2.71%) 


89 (8.30%) 


Oak moss 


1 


14(1.31%) 


24 (2.24%) 


Isoeugenol 


1 


10(0.93%) 


20 (1.86%) 


Eugenol 


1 


5 (0.47%) 


13(1.21%) 


Cinnamic aldehyde 


1 


12 (1.12%) 


10(0.93%) 


Geraniol 


1 


4 (0.37%) 


8(0.75%) 


Hydroxycitronellal 


1 


5 (0.47%) 


8 (0.75%) 


Cinnamic alcohol 


1 


10 (0.93%) 


6 (0.56%) 


a Amyl cinnamic aldehyde 


1 


4(0.37%) 


5 (0.47%) 


Sorbitan sesquioleate 


20 


15 (1.34%) 


5 (0.47%) 



In terms of the FF series, a total of 32 irritant or doubtful reactions were 
observed in the whole population. In only 12 cases were the reactions regarded 
as allergic, however; clinical relevance was not ascertained. The reactions to 
Iso E Super, Cyclacet, dimethylbenzyl carbinyl acetate (DMBCA), Vertofix, 
citronellal and amyl salicylate were recorded in patients without any history of 
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fragrance sensitivity. In Barcelona, Lyral produced allergic reactions of pos- 
sible clinical relevance in three patients. Two patients had a positive history of 
fragrance sensitivity and also reacted to a sunscreen and a massage lotion. 
However, it was not possible to obtain detailed information on the compo- 
sition of the fragrances or whether Lyral in particular was one of the con- 
stituents. 

Discussion 

In two previous papers we have commented at length on the problems of patch 
testing with fragrances [8, 1 1]. The reader is referred to these papers which list 
many references on the subject. Moreover, an extensive literature review on 
fragrances prepared by de Groot and Frosch has just been published [13]. 
Important aspects may be summarized as follows. 

One drawback of this 48-fragrance study is that at most centres only 100 
consecutive patients of a given patch test clinic were tested with a set of five 
materials. The results might have been different if a larger population had been 
tested or if only patients with a positive history of fragrance sensitivity had 
been included. The main goal of this study was to obtain information on the 
sensitization frequency of dermatological patients to the ‘Fenn materials’. We 
are aware of the fact that the figures do not represent sensitization rates, 
because there was no controlled exposure to the products tested. Therefore 
nothing can be said about the sensitizing potential of these products. As most 
‘Fenn materials’ are frequently used for a number of years and most patients 
probably have had contact with them, it may be concluded with caution that 
there is no strong sensitizer among them. As already mentioned in conjunc- 
tion with Lyral, it is often difficult to prove the clinical relevance of an obser- 
ved positive reaction. Manufacturers of perfumes often remain secretive about 
their composition. With all due respect for professional confidentiality, we as 
physicians must ask for full cooperation in order to be of use to the patient. 
Only on the basis of a clear picture of the sensitization pattern, can the patient 
look for alternative products which do not contain the sensitizer (s). The 
fragrance industry must realize that nowadays a considerable portion of the 
normal population is sensitized to one or more fragrance constituents [13, 14]. 
These subjects neither want nor are able to avoid all perfumed products, given 
their present ubiquity. The current fragrance mix still seems to be the best 
screening tool for fragrance sensitive subjects, even if not ideal. A weakly posi- 
tive or doubtful reaction may not be relevant, but a strong reaction is usually 
meaningful. According to our own experience there is only a small group of 
patients which is negative to the fragrance mix but reacts strongly to their own 
perfume(s). Further work on these patients is necessary to identify the causa- 
tive agents. Lyral may be a promising candidate for screening because, apart of 
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the suspected cases in our study, other groups have identified it as a relevant 
sensitizer [15, 16, 17]. 

In the guinea pig maximization test (Magnusson and Kligman), Lyral 
produced weak sensitization effects at 0.5%. In human studies according to 
Draize (repeated-insult patch test on normal skin) and Kligman (maximiza- 
tion test on irritated skin), no sensitizations were observed at induction con- 
centrations of 1 % and 10%, respectively [18]. However, as we know from ex- 
perience with other fragrance materials, these can be negative in so-called 
predictive tests and still be sensitizers (e.g. hydroxycitronellal [19]). After 
being used by thousands of subjects, allergic contact dermatitis may be in- 
duced at a noticeable level. It is then the responsibility of the manufacturer to 
seek full cooperation with dermatologists and toxicologists in order to obtain 
more data on the safety of such a product. A risk-benefit ratio can only be 
determined if the number of exposures is compared to the number of sen- 
sitizations. This is still unknown for most fragrance constituents. It is an 
urgent task of the future. In a recent Swedish analysis of adverse reactions to 
cosmetics, fragrances were found to be the most frequent cause of contact all- 
ergies [20]. 
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Quantitative Aspects in Patch Testing 
and Usage Tests 

J. D. Johansen 



Introduction 

In an unselected Danish population 1.1% reacted in patch testing to the fra- 
grance mix [ 1 ] . This implies that at least 4 million people in the European com- 
munity are sensitized to perfume materials. There is good reason to believe 
that this is actually an underestimate of the real problem as the consumption 
of cosmetics per inhabitant in Denmark is much lower than for other Euro- 
pean countries. In Denmark 36 ECU were expended per inhabitant in 1994 
while, for instance, in France and Germany 77 and 71 ECU were spent on cos- 
metics [2]. In studies of eczema patients perfume allergy is found to be the 
second most common cause of contact allergy [3, 4], and in several European 
countries an increasing trend in perfume allergy among eczema patients has 
been detected [3, 5]. 

Contact allergy is a chronic disease, but if elicitation of eczema can be pre- 
vented in those sensitized, the disease stays subclinical and has few or no 
socio-economic consequences. Recommendations for the safe use of sensi- 
tizing fragrance materials in different types of products are published by the 
International Fragrance Research Association (IFRA). However data suppor- 
ting these recommendations in relation to elicitation of allergic fragrance 
contact dermatitis is lacking. 

Threshold Responses in Sensitized Individuals 

Eczema develops in sensitized individuals if exposure exceeds a certain in- 
dividual threshold of response. A key determinant in this exposure is the 
concentration of allergen/unit skin. The threshold concentrations of allergen 
provoking eczema in sensitized individuals may be determined by testing with 
a serial dilution of the allergen in question. Few studies have been published 
providing such results for fragrance materials [6-9]. 
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Fig. 1 . The dose-response 
curve for cinnamic alde- 
hyde obtained by a logistic 
dose response analysis [15]. 
The response frequency 
iy-axis) is given versus the 
logic dose of cinnamic alde- 
hyde (x-axis). EDso, the dose 
eliciting a response in 50% 
of the test subjects 



Serial Dilution Patch Tests 

Basketter et al. studied 10 subjects sensitized to cinnamic aldehyde [6]. They 
were patch tested with a serial dilution of cinnamic aldehyde from 1%-0.1% 
in pet.; 60% still reacted to the lowest concentration of 0.1% [6]. In another 
study 22 cinnamic aldehyde sensitive individuals completed a study of patch 
testing with a serial dilution of cinnamic aldehyde in pet. from 2% to 0.01% 
[8]. The resulting dose-response curve is seen in Fig. 1. 

A statistically significant dose-response relationship was found between 
exposure concentrations and the response frequency in the group of sensitiz- 
ed eczema patients. The dose eliciting a reaction in 50% of the test subjects 
was 0.24% and the level where no subjects reacted at patch testing was 0.01 % 
cinnamic aldehyde. Isoeugenol has been studied by a similar method [9]. 
Twenty isoeugenol sensitive individuals were patch tested with a serial diluti- 
on of isoeugenol in petrolatum from 2% to 0.01% [9]; one was completely 
negative, leaving 19 subjects in the group. As with cinnamic aldehyde, a stati- 
stically significant dose-response relationship was found (Fig. 2). 

The curve for isoeugenol was less steep but more to the left than the dose- 
response curve for cinnamic aldehyde (Fig. 1), with the result that the dose eli- 
citing a response in 50% of the individuals was 0.08%, that is, three times 
lower than for cinnamic aldehyde. Of the isoeugenol-sensitive individuals, 
20% still reacted to the lowest concentration of isoeugenol 0.01%. Epstein 
found a no effect level of 0.08% isoeugenol in 12 sensitized individuals patch 
tested with 8%, 0.8%, 0.08% and 0.008% isoeugenol in petrolatum [7]. 
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F!g.2. The dose-response 
curve for isoeugenol obtai- 
ned by a logistic dose res- 
ponse analysis [15]. The 
response frequency (y-axis) 
is given versus the logio 
dose of cinnamic aldehyde 
(x-axis). EDsoi the dose 
eliciting a response in 50% 
of the test subjects 




The effect levels demonstrated by patch testing may represent the worst 
case assumption since petrolatum is used as vehicle, and the test preparation 
is applied under occlusion. Occlusion may, however, be relevant to the use of 
cosmetics as deodorants and the patch test does not take into account that 
consumer products may be applied repeatedly and perhaps to damaged skin. 

Effect levels determined by patch testing have been considered in safety 
assessment of metal salts in consumer products [10]. 

Usage Tests 

In addition to patch testing the patients in three of the above-mentioned stu- 
dies were asked to perform a usage test [7-9]. 

In the cinnamic aldehyde sensitive individuals three different concentrati- 
ons of cinnamic aldehyde in ethanol were chosen based on information from 
industry [8]. The maximum concentration that maybe used in creams or loti- 
ons is 0.02%, 0.1% is the usual concentration in perfumes, and 0.8% is the 
maximum concentration in perfumes [11]. The patients started to apply the 
weakest solution, 0.1 ml twice daily on a 5 x 5 cm area on the upper arm; etha- 
nol was applied as vehicle control on the other arm [8]. The solution was 
applied for 14 days and in case of no reaction a higher concentration was 
applied for another 14 days. Of the 21 subjects, 13 developed eczema at the cin- 
namic aldehyde test site and had a negative ethanol control (Fig. 3): 62% 
(13/21) of those who completed the whole study but 72% (13/18) of those with 
a positive patch test to cinnamic aldehyde 2% in pet. A healthy control group 
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Fig. 3. A positive usage test to 
cinnamic aldehyde 0.1% in 
ethanol on one arm and a 
negative response to ethanol 
on the other. 0.1% cinnamic 
aldehyde is the usual concen- 
tration of cinnamic aldehyde 
in perfumes [11] 



applied the maximum concentration of 0.8% for 14 days, and no eczema deve- 
loped. 

In the parallel study of isoeugenol only one concentration was applied, that 
is, 0.2 % in ethanol, the maximum concentration that may be used in perfumes 
[9]. The test conditions were the same as described above except that the test 
period was 4 weeks. Here 12/19 (63%) developed eczema at the usage test site 
and were negative at the ethanol control site. None of the test subjects reacted 
beyond day 14; therefore a group of 20 healthy volunteers were asked to apply 
0.2% isoeugenol for 14 days, and none reacted [9]. 

In the isoeugenol study by Epstein [7] a usage test was performed using 
0.008, 0.08 and 0.8% in petrolatum, the anticubital fossa was used as test site 
and two of three applications were made per day. The test subjects started app- 
lying the weakest solution of 0.008 for 14 days, in case of no reaction the sub- 
jects rested 1 week and were exposed to the next concentration. Of the 12, 5 
(42%) developed a positive usage test: one at 0.008%, two at 0.08% and one at 
0.8%. A previous history of rash to perfumes has been demonstrated to be a 
powerful predictor of a positive usage test in fragrance sensitive individuals 
[12]. None of the test subjects in this study had a history of adverse skin reac- 
tions to perfumes, which may explain the fewer respondents in this study than 
in the above study, where all test subjects had previously experienced rash to 
perfumes [9]. It also emphasizes the importance of choosing test subjects for 
elicitation studies who have had a clinical problem. 

Exposure Assessment 

Few studies exist providing quantitative exposure information on fragrance 
materials. Data from two studies assessing exposure to isoeugenol and cinn- 
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amic aldehyde are given in Table 1 [13, 14]; 33 products were studied. Ten of 
these were the most frequently sold fine fragrances in Europe [14], and the rest 
were products used by fragrance-sensitive eczema patients [13]. No products 
were found to contain cinnamic aldehyde, while isoeugenol was found in 40% 
of the products (95% confidence interval: 23% -58%; Table 1). 



Table 1. Content of isoeugenol and cinnamic aldehyde in a selection of 33 consumer 
products 





Number of 


Concentration 


Concentration 




products 


range 


mean 


Isoeugenol 


13 


<0.001 %-0.34% 


0.1% 


Cinnamic aldehyde 


0 







Summary and Conclusions 

It has been demonstrated that both isoeugenol and cinnamic aldehyde sen- 
sitive eczema patients react to the concentration of allergen that maybe or are 
used in cosmetics. The dose eliciting a reaction at patch testing in 50% of 
isoeugenol-sensitive subjects was 0.08% isoeugenol. In comparison, 0.2% 
isoeugenol is the maximum concentration that may be used in perfumes and 
in a sample of cosmetics the mean concentration found was 0.1% isoeugenol 
(range <0.001-0.34%). Furthermore, 63% of the test subjects developed ec- 
zema when exposed to an 0.2% solution of isoeugenol in ethanol in an usage 
test. 

In cinnamic aldehyde sensitive individuals 0.24% elicited a reaction in 50% 
of the test subjects in one study, and another study indicates that this may 
value maybe even lower in other test populations as 60% reacted to 0.1% cin- 
namic aldehyde. In comparison 0.8% cinnamic aldehyde is the maximum con- 
centration that may be used in perfumes according to informations of IFRA 
and 62% reacted to this or lower concentrations in an usage test. No cinnamic 
aldehyde was detected in a sample of cosmetics. It may be concluded that 
cinnamic aldehyde sensitive eczema patients react to concentrations of 
cinnamic aldehyde that may be used in cosmetics, and that isoeugenol sen- 
sitive eczema patients react to concentrations of isoeugenol that are used in 
cosmetics. 

Serial dilution patch and usage testing contribute significant information 
regarding the safe use of fragrance allergens in cosmetics. More substances 
need to be described and the results considered in safety assessments. 
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(/-Limonene - An Old Perfume Ingredient 
Introduced as a "Natural" Solvent in Industry: 
Is There a Risk of Sensitization? 

A.-T. Karlberg 



d-Limonene (Fig. 1) is a monocyclic terpene and the main constituent of oil 
from several fruits of the genus Citrus, and also occurs in caraway, dill and 
celery. Its enantiomeric form /-limonene is found, for example, in turpentine 
and peppermint oil. 

Production and Use 

d-Limonene is obtained as a by-product from the citrus juice industry. Peel oil 
from the skins of the citrus fruits contains normally more than 95% d-limo- 




Fig.1. d-Limonene and identified oxidation products of which cis- and trans-limonene 
oxide, (R)-(-)-carvone and cis- and trans-hydroperoxide were found to be sensitizers, i, d- 
limonene (p-mentha- 1,8-diene); 2, (+)-czs-limonene-l,2-oxide (1,2-epoxy-p-mentha- 
8-ene); 3, (+)-trans-limonene- 1,2-oxide (l,2-epoxy-p-mentha-8-ene); 4, (R)-(-)-carvone 
(jR)-(-)-6,8-p-mentha-diene-2-one]; 5, (-)-ds-carveol (cfs-2-hydroxy-p-mentha-6,8- 

diene); 6, (-)-trans-carveol (trans-2-hydroxy-p-mentha-6,8-diene); 7, ds-limonene-2- 
hydroperoxide (cfs-2-hydroperoxy-p-mentha-6,8-diene); 8, frans-limonene-2-hydroper- 
oxide (trans-2-hydroperoxy-p-mentha-6,8-diene) 
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nene and small amounts of other monoterpenes such as a- and ^-pinene, sabi- 
nene and myrcene [1, 2]. The main usage of d-limonene is listed below: 

- Perfume (concentration: 0.005 % - 1 %) 

- Perfume additive 

- Penetration enhancer 

- Insecticide 

- Antifungal agent 

- Solvent in paint 

- For cleaning assemblies and printing machines (concentration: 

20 % - 100 %) 

- For histological preparations 

- In hand cleansers (concentration: 10%) 

Traditionally, d-limonene is used for flavouring and as perfume in house- 
hold products in low concentrations. It is also used by the fragrance industry 
as a perfume additive because of its declared effect to reduce the allergenic 
effect of other fragrance components, for example, cinnamic aldehyde and 
citral [3]. It is used as a penetration enhancer in transdermal delivery systems 
[4]. The use of d-limonene as an insecticide and antifungal agent, for example, 
in baths for cats and dogs has been reported [5]. During the past decade, 
d-limonene and synthetically produced dipentene, containing both d- and 
/-limonene, have gained increased use as defatting and cleaning agents in 
industry. The interest of the industry is due to the importance of replacing 
chlorinated hydrocarbons, chlorofluorocarbons and other organic solvents 
with substances considered to be less toxic and more environmentally friend- 
ly [6]. 

Oxidation of d-Limonene Creates Strong Contact Allergens 

d-Limonene is rapidly oxidized in contact with air [7, 8]. Samples of d-limo- 
nene with a purity of 96 % were handled and exposed to air in such a way as to 
mimic handling of such products in industry. After 10 weeks the content of d- 
limonene was less than 50% of the original amount in all samples [9]. The oxi- 
dation products formed polymerize leading to changes in the technical pro- 
perties of the solution [10]. Antioxidants, such as butylated hydroxytoluene 
(BHT), are therefore often added to the commercial products. We have shown 
that BHT prevents autoxidation for a time, but that the stability depends on the 
purity of d-limonene and on the temperature [9]. Once the antioxidant is con- 
sumed, the oxidation starts immediately (Fig. 2). Sample 2, in which the anti- 
oxidant was consumed most rapidly, was identical with sample 1. The autoxi- 
dation of sample 2 started after a month of summer weather, during which the 
temperature in the laboratory rose to 25 °C, which might have increased the 
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Weeks of air exposure 
* BHT no longer detected 

Fig. 2. Samples of ^^-limonene with BHT added were handled in the laboratory at room tem- 
perature to mimic handling in industry. Decrease in content of d-limonene was analysed 
with GC. Sample 1 , d-limonene, 96 % purity, addition of 0.2 % BHT, air exposed for 67 weeks; 
sample 2, d-limonene of the same quality as sample 1, addition of 0.2% BHT, air exposed 
for 37 weeks; sample 3, d-limonene, 99% purity, addition of 0.1% BHT, air exposed for 
48 weeks. (From [9], with permission) 



oxidation rate and thus resulted in a more rapid consumption of BHT. The 
lower content of contaminants in sample 3 leads to a higher stability and a 
slower consumption of the antioxidant. 

d-Limonene in high concentrations gives skin irritation [11, 12], but the 
reports on its allergenic activity diverge [13- 15]. According to our experience 
d-limonene itself has a very low allergenic activity [16]. However, the major 
compounds formed at air oxidation are cis- and frans-limonene oxide, (R)- 
(-)-carvone, cis- and trans-carveol and limonene hydroperoxides (Fig. 1). Of 
these, all but carveol are strong sensitizers (Table 1) [17, 18]. The diverging 
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Table 1. The sensitizing potential of d-limonene and its oxidation products according to 
Freund’s complete adjuvant test method 



Substance (induction cone.) 


No. sensitized/ 
no. exposed 


Test 

cone. 


p (exp/co) 


Ref. 


d-Limonene (5%)® 


2/15 


5% 


n.s. 


16 


(+) Limonene oxide (5%)^ 


13/15 


1%“= 


<0.001 


17 


(+) Limonene oxide (5%)^ 


15/15 


1%" 


<0.001 


18 


(R) (-)-Carvone (5%)^ 


13/14 


0.2 %" 


<0.001 


17 


(-)-Carveol (5%)^^ 


3/14 


5% 


n.s. 


17 


d-Limonene hydroperoxides (1.5%)^ 


8/15 


0.3 


<0.01 


18 


d-Limonene hydroperoxides (1.5%)^ 


13/15 


0.5 %" 


<0.001 


18 



^ n exposed animals = 15; n controls = 15. 

^ n exposed animals = 14; n controls = 14. 

^ Tested minimum dose that exhibited significant reactivity. 



results seen in literature from experimental sensitization studies on d-limo- 
nene [13-15] could well be explained by a variation in the content of oxida- 
tion products in the samples investigated. The purity of the compound was not 
taken into account in those experiments. Our results are in line with the results 
from the studies on A^-carene in the 1950s. Unidentified hydroperoxides of 
this compound were reported to be responsible for the main allergenic effect 
of turpentine [19, 20]. The results are also in accordance with results from 
studies on the allergenic activity of colophony (rosin) in which oxidation 
products of the diterpenoids abietic acid and dehydroabietic acid are found to 
be the major allergens [21, 22]. 

In order to be a contact allergen a compound must have the ability to react 
with epidermal macromolecules to form a complete antigen. Thus, from a 
mechanistic point of view, it is logic that the limonene itself is a weak sen- 
sitizer, while the oxidation products are strong sensitizers. The oxygen atom 
introduced into the molecule, attracts the electrons from the adjacent carbon 
atoms. These are deficient of electrons and available for a nucleophilic attack 
from electron-rich sites, for example, in proteins, to form covalent bonds and 
create an antigen. Regarding the hydroperoxides, the formation of covalent 
bonds is very likely to occur via a radical mechanism (Fig. 3) [23, 24]. 

Screening with Oxidized d-Limonene in Addition 
to the Standard Series 

Air exposed d-limonene with an original purity of 96% was added to the 
standard series for patch testing of dermatitis patients at the Department of 
Environmental and Occupational Dermatology, Karolinska Hospital, Stock- 
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Fig. 3. Mechanisms of antigen formation from oxidation products of d-limonene. 



holm and at the Department of Dermatology, University Hospital, Leuven. Two 
batches of autoxidized d-limonene, 3% in petrolatum, were tested at the 
clinics. More patients were tested with batch II than with batch I, and a better 
accordance of the results from the two clinics was seen for batch II. More 
doubtful reactions were recorded in Stockholm than in Leuven, which could 
be due to a difference in the interpretation (Table 2). The frequency of positive 
reactions to oxidized d-limonene was comparable to that seen for common 
contact allergens such as formaldehyde [25]. Extended studies on the most 
adequate test concentration and vehicle are in progress. 

In June 1996 the commission working group on the classification and label- 
ling of dangerous substances for health effects within the European Union 
suggested that d-limonene should be classified as allergenic due to its ability 
to form allergenic oxidation products. 
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Table 2. Screening with oxidized d-limonene in 


consecutive dermatitis patients 






Stockholm 








Leuven 












Positive 


Doubtful 




Positive 


Doubtful 




Tested n 


% 


n 


% 


Tested 


n 


% 


n 


% 


Batch I 


153 4 


2.6 


3 


2.0 


216 


2 


0.9 


0 


0 


Batch II 


413 8 


1.9 


13 


3.1 


953 


14 


1.6 


5 


0.5 



Conclusions 

d-Limonene itself has a low sensitizing capacity. However, it is easily oxidized 
at air exposure and the oxidation products formed are strong sensitizers. The 
frequency of allergic reactions to d-limonene containing oxidation products is 
comparable to that of common allergens such as formaldehyde. Increased 
occupational exposure to d-limonene will increase the prevalence of allergic 
contact dermatitis. 
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Contents of Sensitizing Fragrance Materials 
in Natural Ingredient Based Cosmetics 

S.C. Rastogi 



Introduction 

Perfumes are one of the major causes of allergic contact dermatitis (Adam and 
Maibach 1985; De Groot 1987; Larsen et al. 1992). Over 3000 fragrance 
materials are used to compound various types of perfumes, which may them- 
selves contain from 10 to 300 chemicals. The fragrance materials may be 
natural products, i. e., essential oils, they may be nature identical chemicals, for 
example, synthetic linlool, which is also found in many essential oils, or they 
may be non-natural (synthetic) substances, for example, a-hexylcinnamic 
aldehyde. A large number of perfume allergy cases can be diagnosed by patch 
testing with the fragrance mix composed of geraniol, hydroxycitronellal, 
cinnamic aldehyde, cinnamic alcohol, eugenol, isoeugenol, a-amylcinnamic 
aldehyde and oak moss absolute. All of these substances except hydroxy- 
citronellal may be present in essential oils used for compounding perfumes. 
These fragrance mix constituents, with the exception of oak moss absolute, are 
now chemically synthesized and used in the formulation of various perfumes. 
Johansen et al. (1996a) demonstrated that rather low levels of fragrance mix 
substances present in cosmetics used by patients with perfume allergy were 
associated with allergic contact dermatitis in the sensitized patients. 

The use of cosmetics based on natural ingredients is becoming increasingly 
popular for reasons of environmental safety and animal welfare. These pro- 
ducts may also contain fragrance mix substances originating from essential 
oils used in the formulation. The present study sought to investigate the levels 
of fragrance mix substances and some other known fragrance sensitizers in 
cosmetics based on natural ingredients, in order to evaluate the risk of deve- 
loping allergic contact dermatitis by the use of such products. 

Target Fragrance Substances 

The 12 fragrance substances selected for the present study included the con- 
stituents of the fragrance mix with the exception of oak moss absolute 
(Table 1). Oak moss absolute was not included because it is itself a mixture of 
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Table 1. Target fragrance substances 



Fragrance substance CAS Reg. No. Chemical structure 



Geraniol 


106-24-1 


Cinnamic alcohol 


104-54-1 


Cinnamic aldehyde 


14371-10-9 


Hydroxycitronellal 


107-75-5 


Eugenol 


95-53-0 


Isoeugenol 


97-54-1 


a-Amylcinnamic aldehyde 


122-40-7 


a-Hexylcinnamic aldehyde 


101-86-0 


Coumarin 


91-64-5 


Dihydrocoumarin 


119-84-6 


Citronellal 


106-23-0 


Citral 


5392-40-5 



3.7- Dimethyl-2,6-octadien- 1 -ol 
3-Phenyl-2-propen-l-ol 
3-Phenyl-2-propenal 

3.7- Dimethyl-7-hydroxy octanal 
2-Methoxy-4-(2-propenyl) phenol 
2-Methoxy-4-(l-propenyl) phenol 
2-Phenylmethylene heptanal 
2-Phenylmethylene octanal 

2H- 1 -benzopyran-2-one 
3,4-Dihydro 2H-l-benzo-2-pyranone 

3.7- Dimethyl-6-octenal 

3.7- Dimethyl-2,6-octadienal 



several substances. Citral, coumarin and dihydrocoumarin were included as 
they are known as potent contact allergens (Malten et al. 1984, Larsen et al. 
1992). a-Hexylcinnamic aldehyde was included because it is chemically sim- 
ilar to the fragrance mix constituent, a-amylcinnamic aldehyde, and is found 
in more than 50% of all cosmetic products (Fenn 1989). Citronellal was 
included because it is related to the fragrance mix constituent hydroxy- 
citronellal. Besides target fragrance substances, a number of non-target 
fragrance substances present in the investigated perfumes could also be ident- 
ified (see ‘‘Results and Discussion”). 

Materials and Methods 

Cosmetic Products 

The present study analyses 22 perfumes and 20 other cosmetic products, 
purchased at retail outlets in Denmark. The products were made by 20 cosme- 
tic companies in Europe and the United States. According to manufacturers’ 
information, all of the products were based on natural ingredients or nature 
identical substances. The perfumes represented various scents: camomile, 
lavender, jasmine, sandalwood, vanilla, primrose, strawberry, and so on. The 
other cosmetic products included shampoo, gel, cream, lotion, balm, deo- 
dorant, face water, stress buffer and massage oil. 

Analysis 

A gas chromatography (GC)-mass spectrometric (MS) method for the ana- 
lysis of fragrance substances in cosmetic products described previously 
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(Rastogi 1995) was used in the present study. Prior to analysis, the perfumes 
were appropriately diluted in methanol. Analysis of perfumes diluted 1:10 
and serial dilutions up to 1:1000 were required for the identification and 
quantification of all of the target fragrance substances. Fragrance materials 
from other cosmetics were extracted by silica gel column chromatography of 
sample solutions (2 g sample/25 g methanol) as described elsewhere (Rastogi 
1995). 

Results And Discussion 

Cosmetic products were analysed by GC-MS to ascertain the identification of 
the target fragrance substances. The GC-MS analysis also provided the oppor- 
tunity to identify other substances present in these samples. A mixture of tar- 
get fragrance substances in methanol was analysed every day to check system 
suitability. The separation of target fragrance substances from a mixture con- 
taining 83 ppm (0.0083%) of each of these is shown in Fig. 1. The detection 
limit for each of the target fragrance substances was approximately 1 ppm, 
except for citral. The detection limit for citral was 5 ppm. Analysis of undilu- 
ted perfumes revealed that they contain high amounts of several substances 
which interfere with the identification and quantification of the target fra- 
grance materials. The perfumes were therefore diluted at least 1:10 prior to 
GC-MS analysis. Thus, the detection limit for the target fragrance substances 
in these products was approximately 10 ppm (0.001 %). Dilution up to 1 : 1000 
was necessary for some perfumes in order to attain a satisfactory GC-MS ana- 
lysis with respect to identification and quantification of the target fragrance 
substances. 

A typical example of perfume analysis is shown in Fig. 2. Several non-sym- 
metrical and unresolved GC peaks in the chromatogram are mainly due to 
overloading the GC column with relatively high concentrations of some sub- 
stances present in a 1 : 10 diluted sample (Fig. 2 A). A MS library search indi- 
cated the presence of dipropylene glycol, benzyl alcohol, methyl benzoate, 
linalool and phenethyl alcohol in the area between scan no. 750 and scan 
no. 1000 and the presence of benzyl acetate, linalyl acetate + geraniol, hydro- 
xycitronellal, cinnamic alcohol, a-amylcinnamic aldehyde and a-hexylcinna- 
mic aldehyde + benzylbenzoate in GC peaks with scan nos. 1074, 1320, 1397, 
1451, 2182 and 2131, respectively (Fig. 2 A). Coumarin and eugenol present in 
relatively low concentrations in this perfume could be identified and quanti- 
fied at 1 : 10 dilution (Fig. 2 A). Hydroxycitronellal and cinnamic aldehyde were 
satisfactorily identified and quantified when a 1 : 500 diluted sample was ana- 
lysed (Fig. 2 B), and a 1 : 1000 dilution of the sample was required for the proper 
identification and quantitification of a-amylcinnamic aldehyde and a-hexyl- 
cinnamic aldehyde. Geraniol in the sample was identified only by the analysis 
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Fig. 2A~C. GC-MS analysis of a perfume. A In a dilution of 1:10, the area between scan 
no. 1620 and scan no. 1670 is enlarged to show the presence of coumarin. Geraniol was iden- 
tified in a part (scan nos. 1312-1313) of the large peak of linalyl acetate (scan no. 1320) and 
eugenol was identified in the peak with scan no. 1508. Indications of the presence of 



Fig.l. GC-MS analysis of a mixture containing 83 ppm of each of the target fragrance substances 
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hydroxycitronellal and cinnamic alcohol were found in the broad peak with scan no. 1397, 
a-amylcinnamic aldehyde in the peak with scan no. 2182 and a-hexylcinnamic aldehyde in 
the peak with scan no. 2331. B Hydroxycitronellal and cinnamic alcohol were satisfactorily 
identified and quantified by the analysis of a 1:500 diluted sample. C A 1:1000 diluted 
sample was analysed for a-amylcinnamic aldehyde and a-hexylcinnamic aldehyde without 
the interference of neighbouring peaks. The sample contained 1.158% hydroxycitronellal, 
2.101% cinnamic alcohol, 0.169% eugenol, 0.155% coumarin, 3.039% a-amylcinnamic 
aldehyde and 1.015% a-hexylcinnamic aldehyde 
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Table 2. Target fragrance substances and other (fragrance) substances present in the in- 
vestigated perfumes {n = 22). Only target fragrance substances were quantified 


Fragrance substance 


No. of products found in 


Concentration (%) (W/V) 


Geraniol 


14 


1.191^ 


Cinnamic alcohol 


3 


0.089,0.109,2.101 


Hydroxycitronellal 


5 


0.135-6.044 


Eugenol 


8 


0.035-2.289 


Isoeugenol 


2 


0.027,0.139 


a-amylcinnamic aldehyde 


8 


0.194-3.039 


a-hexylcinnamic aldehyde 


9 


0.105-7.706 


Coumarin 


11 


0.046-6.043 



Other substances frequently present in the investigated perfumes: dipropylene glycol, 
diethyl phthalate, terpenes (limonene, a- & j3-pinene, 3- 8c 4-carene), sesquiterpenes 
(caryophyllene and several other unidentified ones), a-terpineol, a-terpinyl acetate, 
benzyl alcohol, benzyl acetate, benzyl saHcylate, benzyl benzoate, linalool, linalyl acetate, 
citronellol, geranyl acetate, phenethyl alcohol, and a-isomethyl ionone (methyl ionone 
gamma). 

^ Quantification of geraniol in other perfumes was not possible due to interference by a 
large GC peak of linalyl acetate. 



of a 1 : 10 diluted sample, but could not be quantified due to interference by 
linalyl acetate. At further dilutions of the sample, geraniol disappeared. 

The target fragrance substances present in the investigated perfumes and 
the frequently present non-target substances in these products are described 
in Table 2. Only the target fragrance substances were quantified. The relative 
standard deviation of the quantification of all of the target fragrance sub- 
stances was within 8%. All but two of the investigated perfumes (91%) con- 
tained from one to seven of the target fragrance substances in concentrations 
of 0.027% -7.706% (Table 2). Citronellal, citral, cinnamic aldehyde and dihy- 
drocoumarin were not detected in any of the perfumes. Between one and five 
of the synthetic constituents of fragrance mix were present in 18 of 22 (82%) 
of the perfumes. The levels of fragrance mix substances in the natural ingre- 
dient based perfumes were similar to those found in best-seUing women's per- 
fumes (Johansen et al. 1996b). In patch testing, one or more of these ten per- 
fumes revealed a positive skin reaction in 6.9% of 335 female consecutive 
eczema patients. This indicates that exposure to fragrance mix constituents 
cannot be avoided by using natural ingredient based perfumes, and consu- 
mers using these products may run a similar risk of developing allergic 
contact dermatitis as those using other popular perfumes. 

Among other investigated cosmetics, seven of 20 (35%) of the products 
were found to contain between one and three of the target fragrance sub- 
stances (Table 3). These products contain 3-820 ppm of the following fra- 
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Table 3. Contents of target fragrance substances in the investigated non-perfume cosmetic 
products (n = 20) 


Fragrance substance 


No. of products found in 


Concentration (%) (w/v) 


Geraniol 


1 


0.0163^ 


Cinnamic alcohol 


1 


0.0036 


Cinnamic aldehyde 


1 


0.0745 


Eugenol 


1 


0.0186 


Isoeugenol 


1 


0.0127 


a-amylcinnamic aldehyde 


1 


0.082 


a-hexylcinnamic aldehyde 


3 


0.0007-0.0543 


Comnarin 


2 


0.0003,0.0130 



Identification of geraniol in other products was not possible due to interference by a 
large GC peak of linalyl acetate. 



grance substances: geraniol, cinnamic aldehyde, cinnamic alcohol, eugenol, iso- 
eugenol, a-amylcinnamic aldehyde, a-hexylcinnamic aldehyde and coumarin. 

Hydroxycitronellal and a-hexylcinnamic aldehyde are synthetic chemicals 
which have riot yet been shown to be present in natural products. Presence of 
hydroxycitronellal and a-hexylcinnamic aldehyde in five and nine of the inve- 
stigated perfumes, respectively, demonstrates that synthetic fragrance sub- 
stances are added to perfumes claimed to be based on natural ingredients. 
Synthetic a-hexylcinnamic aldehyde was also present in three of the other cos- 
metic products investigated. Non-natural substances like a-isomethyl ionone 
(methyl ionone gamma), diethyl phthalate and dipropylene glycol were also 
frequently identified in the investigated perfumes as well as in other cosme- 
tics. Thus, it is rather misleading to claim that a cosmetic product is based on 
natural ingredients when it contains synthetic chemicals such as surfactant, 
preservative, sunscreen, perfume, and/or colourant. 

Acknowledgements. I am grateful to Dr. J.D. Johansen for her suggestions on the pre- 
paration of this chapter. 
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RIFM Activities in the Safety Assessment 
of Systemic Effects of Fragrance Materials 

E.A. Pfitzer 



The Research Institute for Fragrance Materials (RIFM) maintains a computer- 
ized database of the world literature on the safe use of fragrance ingredients, 
that is, the individual scented chemicals that go into formulations for cos- 
metics and household products. RIFM does not test or maintain data on 
finished products. This chapter covers activities for the safety assessment of 
systemic effects from fragrance ingredients, while other papers cover dermal 
effects, in vitro research on percutaneous absorption and how RIFM data and 
recommendations are used by the International Fragrance Association 
(IFRA). 

The potential for systemic effects from chemicals can be understood on the 
basis of some “first principles” in toxicology. One is that essentially all chem- 
icals, including fragrance ingredients, can be absorbed into the body to some 
degree. The principal route for absorption of fragrance ingredients is the skin. 
While there is potential for absorption by the lungs after inhalation, the pul- 
monary route is quantitatively very minor compared with the skin. The oral 
route is also minor for scented cosmetics or household products. Another 
“first principle” is that, once absorbed, chemicals can cause toxic effects at 
some site of toxic action in the body to some degree if at sufficiently high con- 
centration, that is, “the dose makes the poison”. 

What is important is that the known or suspected systemic toxic effects 
would occur only under conditions sufficiently in excess of expected use con- 
ditions to provide for adequate safety. To accomplish this for a fragrance ingre- 
dient the challenge is: (a) to estimate levels in the body that cause adverse 
effects and levels at which the effects are absent, (b) to estimate exposure to the 
skin under conditions of use, and (c) to estimate percutaneous absorption into 
the body. 

For a new chemical without available toxicity data, the suspected systemic 
toxicity may be inferred by analogy to known toxicants. For many years RIFM 
has used the decision tree approach of Cramer et al. (1978) that includes struc- 
ture-activity relationships, but also estimates of absorption and metabolism. 
This decision tree approach is used generally for systemic effects and the 
publications of Ashby and Tennant (1991), Ashby and Paton (1993) and Ashby 
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(1994) are also used for potential for carcinogenicity and mutagenicity. In 
vitro tests may also assist with estimating toxicity and metabolism, but are 
very valuable for estimating absorption. 

With guidance from structure-activity and other data, the steps for ob- 
taining data on potential systemic effects from animal tests progress as 
follows: (a) determine the toxicity profile of the chemical in animals, usually 
at quite high doses, show the absence of these effects at some lower dose, 
described as the ‘‘no observed adverse effect level” (NOAEL), and (b) apply an 
appropriate safety factor to the animal data for extrapolation to humans (the 
factor may vary depending upon the nature of the adverse effects). 

It is then necessary to know that the exposure for humans under the condi- 
tions of use does not exceed the estimated safe dose. To estimate the exposure 
to the skin the following questions must be answered: 

- What is the nature of the product (body lotion, cologne, etc.)? 

- How much is applied to the skin and how often is it applied? 

- Does some of the product wash-off as with a shampoo or toilet soap? 

- What is the concentration of the specific fragrance ingredient in the final 

product? 

This information is obtained from surveys of in-use experience conducted by 
the cosmetic industry and from the analysis of the composition of products 
conducted by the fragrance industry. 

The next step is to estimate the potential for percutaneous absorption into 
the body. In vitro techniques using excised skin provide one estimate. A more 
specific technique is to conduct in vivo studies applying radiolabeled chemical 
to the skin of human volunteers or animals. With humans systemic absorption 
can be estimated from measurements in blood, urine and feces, and local 
adherence to the skin can be estimated with successive tape strippings after 
wash-off. With animals more complete information is obtained for absorp- 
tion, distribution throughout the body, excretion and, often, metabolism. The 
best estimate of per cent percutaneous absorption can then be applied to the 
exposure estimate to determine the expected level in the body. This level is 
compared with the previously determined safe level in the body for the assess- 
ment of overall safety for use of the fragrance ingredient. 

Five fragrance ingredients that have had extensive testing for systemic toxi- 
city in past years are described here as illustrative examples. For two of these, 
musk ambrette and acetylethyltetramethyltetralin (AETT, Versalide), the 
results of tests led to a decision by the International Fragrance Association to 
prohibit their use as fragrance ingredients. 

Musk ambrette caused hind limb weakness when administered in the diet 
or applied to skin of rats for periods up to 12 weeks (Spencer et al. 1984). This 
was associated with primary demyelination and distal axonal degeneration in 
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selected regions of the central and peripheral nervous system. Although it was 
possible to demonstrate a NOAEL for musk ambrette for neurotoxicity, IFRA 
initially restricted its use, but after observations that it was also a photosensi- 
tizer, established a prohibition of use. Subsequently Ford et al. (1990) conduc- 
ted 90-day dermal studies to show that the neurotoxicity with musk ambrette 
did not occur with other closely related fragrance ingredients, namely, musk 
ketone, musk xylene, musk tibetene and moskene. 

AETT also caused damage to the nervous system when applied to the skin 
of rats (Spencer et al. 1984). However the chemical structure is quite different 
from musk ambrette and the neuropathological responses were also different 
in that the changes with AETT were considered to be irreversible. The RIFM 
Expert Panel judged that there were insufficient data to demonstrate an accept- 
able risk and its use was first suspended in 1977 and then prohibited in 1980. 

Phenyl ethyl alcohol (PEA; Mankes et al. 1983; Ford 1990) andpam-tertiary 
butyl-methylhydrocinnamaldehyde (BMHCA; Pfitzer 1992; Pfitzer 1995) were 
found to cause reproductive effects at high doses in animals by the 
oral route. PEA caused developmental effects and BMHCA caused testicular 
effects. In both cases extensive studies comparing oral and dermal routes of 
exposure, and absorption in rats and humans were conducted. It was possible 
to demonstrate adequate margins of safety and IFRA has not issued any 
restrictions on their use. 

Mouse liver tumors have been reported with musk xylene in B6C3F1 mice 
(Maekawa et al. 1990), although musk xylene has been shown to be nongeno- 
toxic (Api et al. 1995). Careful metabolic studies, including enzyme induction, 
demonstrated that musk xylene acts in the mouse liver in a way similar 
to phenobarbital, and the mouse liver tumors are considered to be due to 
secondary mechanisms that would not apply to humans under use conditions 
(Lehman-McKeeman 1995). No IFRA restrictions have been issued. 

RIFM continues to look for new ways to estimate the potential for fragrance 
ingredients to cause systemic effects and to then conduct the research appro- 
priate for the controls to ensure safe use. 
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Absorption of Fragrance Ingredients Using 
In Vitro Models with Human Skin 

S.A.M. Hotchkiss 



The Cutaneous "Life Cycle'' of a Fragrance Chemical 

Historically, the skin has been regarded as an inert structure which acts as a 
relatively impervious barrier to the inward movement of chemicals. However, 
it is now accepted that the skin is not a complete barrier, but is, in fact, 
an important route of entry of xenobiotics into the systemic circulation. The 
passage of a chemical from outside the skin into the body can be described as 
its topical fate or ‘Tife cycle”. In order to assess the risk associated with the use 
of fragrance chemicals, it is desirable to have knowledge concerning their “life 
cycle”, including the rate and extent of percutaneous absorption and the fac- 
tors affecting this process. Following topical exposure to a fragrance chemical, 
some may be lost from the surface via the processes of evaporation, sweating, 
washing, abrasion and bacterial degradation. However, some maybe absorbed 
into the skin, the extent to which depends upon a number of factors such as 
the physicochemical nature of the compound in question (including its lipo- 
philicity, octanol/water partition coefficient, volatility and molecular volume), 
the dose and concentration applied, the vehicle of application, the surface area 
and region of application, the time of skin contact, occlusion of the skin sur- 
face, the extent of skin hydration, skin temperature and the degree of skin bar- 
rier compromisation by disease or physical damage. The precise site of appli- 
cation is also a factor determining the rate and extent of skin absorption, as is 
the age of the skin and structural differences such as its thickness and the 
number of hair follicles. During the percutaneous absorption process, the 
compound may be sequestered in the lipid-rich stratum corneum, forming 
a reservoir, or may diffuse deeper into the skin where it may be subject to 
metabolism by enzymes present in the epidermis and the dermis. Sub- 
sequently, the fragrance chemical and/or its metabolites maybe absorbed into 
the systemic circulation via the dermal microvasculature, and be distributed 
to distant sites of the body (Hotchkiss 1995 a). 
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Assessment of Fragrance Chemical Absorption 

The skin disposition of a number of fragrance chemicals has been studied 
using a variety of in vivo techniques. In particular a skin absorption model or 
‘‘SAM” system has been validated as an appropriate model for in vivo absorp- 
tion in both rat and human skin (Hotchkiss et al. 1990 a, b, 1992 a, b). In the in 
vitro SAM system, freshly obtained circles of rat or human skin are placed into 
flow-through diffusion cells and surface temperature is maintained at 32 °C. 
The radiolabelled test compound is applied to the skin surface, and the skin is 
either occluded with a teflon cap or left open to the atmosphere. A buffer or 
tissue culture medium flows across the underside of the skin to aid the main- 
tenance of skin viability, and this receptor fluid is collected at hourly intervals 
for up to 72 h and assayed for penetrated parent compound and metabolites 
by liquid scintillation spectrometry and/or HPLC. At the end of the experi- 
ment, the skin surface is washed to remove any unabsorbed material, and the 
skin is digested to assess residual radioactive material (parent compound 
and/or metabolites). Besides being economical with animal and human tissue, 
the SAM system is rapid, reproducible and relatively inexpensive. 

Structure-Activity Relationships in Skin Absorption 

Percutaneous absorption data on some 24 fragrance compounds has been 
gathered to date, with the aim to correlate the extent of absorption with the 
structure and physicochemical properties of the compound. A knowledge of 
so-called structure-activity relationships (SARs) will be of value for the 
future prediction of systemic exposure after skin contact with fragrance 
chemicals. 

The fundamental basis for defining SARs in percutaneous absorption relies 
upon an understanding of the constitution of the skin membrane, and the 
interactions between the chemical and its surrounding cutaneous environ- 
ment. In essence, for a chemical to enter the lipid-rich stratum corneum it 
must be lipophilic in nature: hydrophilic substances are generally relatively 
poorly absorbed. However some degree of aqueous solubility is also required 
since the chemical must then be absorbed from the stratum corneum into the 
relatively aqueous viable tissue. The size of the molecule is also an important 
factor in percutaneous absorption, although considerably less so than lipid 
solubility. Increasing molecular weight or molecular volume, above a thres- 
hold, will have an inverse affect on absorption, with low molecular weight/ 
volume compounds being better absorbed, generally, than those of higher 
molecular weight or volume. 

From in vitro studies in human skin with 24 structurally unrelated chem- 
icals, we have been able to construct some crude relationships between struc- 
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ture and percutaneous absorption. For this series, optimal absorption through 
human skin is observed when the octanol-water partition co-efficient, 
Log Po/w is within the range 1.3 ~ 2.0. For example, the fragrance chemical 
coumarin, with Log P = 1.41 is extremely well absorbed (60%), whilst d-limo- 
nene with Log P = 4.35 is only 3 % absorbed. However, such simplistic rela- 
tionships are never likely to provide a complete answer for all chemicals 
because the complex nature of the stratum corneum and other contributory 
factors such as skin metabolism. For more informative and predictive models, 
further, more rigorous analyses are required. 

In Vitro-ln Vivo Correlations in Fragrance Chemical Absorption 

The percutaneous absorption of a number of fragrance chemicals has been 
assessed in human, rat and/or mouse skin using the in vitro SAM system, and 
the values compared with in vivo data obtained from the literature and other 
sources (Chidgey et al. 1987; Bronaugh and Stewart 1985; Bronaugh et al. 1985, 
1990). For most chemicals (e.g. benzoic acid, benzyl acetate, cinnamyl anthra- 
nilate, coumarin, diethyl phthalate, dimethyl phthalate, eugenol, d-limonene, 
2-phenylethanol, musk xylene, isoeugenol) there appears to be relatively good 
agreement between the extent of absorption observed in vitro and that ob- 
served in vivo, although there is little standardization of methods between 
various laboratories’ studies in terms of parameters such as dose, exposed sur- 
face area, vehicle, occlusion, skin contact time and time of collection. However, 
the in vitro absorption of dibutyl phthalate and diphenyl ether is considerable 
less than that seen in vivo. This poor in vitro-in vivo correlation may reflect 
inter-laboratory differences in experimental procedure or the compounds’ 
high lipophilicity (log P > 4) and poor aqueous solubility which make diffu- 
sion from the skin into the aqueous receptor fluid difficult in the in vitro SAM 
model. Conversely, for 2-phenoxyethyl isobutyrate, the in vitro absorption is 
greater than that in vivo, which may reflect the shorter application time used 
in the in vivo studies, as well as differences in dose and vehicle. 

The Skin Reservoir 

It is now well documented that the skin may act as a reservoir for topically 
applied chemicals, into which the chemicals may be rapidly taken up and from 
which they may be only slowly released into the systemic circulation (Hewitt 
et al. 1993). Such a cutaneous reservoir has potential toxicological significance 
in terms of continued systemic exposure after dermal application has ceased. 
We have investigated the phenomenon of reservoir formation for a range of 
fragrance chemicals, including coumarin, eugenol, benzyl acetate and three 
phthalic acid esters (dimethyl phthalate, diethyl phthalate, dibutyl phthalate). 
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The uptake of all chemicals into rat skin is very rapid, with substantial cuta- 
neous levels after only 3 min and maximum skin levels within 4-6 h. This 
rapid absorption from the skin surface into the tissue is in contrast to the 
relatively delayed absorption through the skin and into the receptor fluid. 
Interestingly, it has been observed that essentially the entire dose of each 
chemical to which the systemic circulation is subsequently exposed has al- 
ready partitioned into the skin by 4-6 h. 

Using a range of skin sectioning and ‘‘stripping” techniques we have been 
able to demonstrate the precise location of the cutaneous depot for fragrance 
chemicals, and in the main this would appear to reside within the outer 
region of the skin, the stratum corneum. For example, after topical application 
of benzyl acetate to rat skin in vitro, 10 pm frozen sections were taken and 
assayed for radioactivity, and at all times, the majority of the recovered mate- 
rial was present in the first three or four sections, i. e. equivalent to the stratum 
corneum. Very little material was recovered in the remaining epidermis and 
dermis. In contrast, for coumarin, tape stripping experiments revealed that at 
2 h, relatively little (13%) was located within the outer stratum corneum and 
considerably more (37 %) was present within the viable tissue (epidermis and 
dermis). Hence, comparatively speaking, coumarin does not appear to form a 
substantial stratum corneum reservoir, because its physicochemical charac- 
teristics ensure that it rapidly partitions from the stratum corneum into 
the viable epidermis, dermis and receptor fluid (S. A.M Hotchkiss et al. - un- 
published observations, 1997). 

Factors Affecting Fragrance Chemical Absorption 

As indicated above, a variety of factors may affect the percutaneous absorp- 
tion of topically applied fragrance chemicals, including dose, vehicle, skin 
exposure time, occlusion and skin metabolism. 

Occlusion. Occlusion of the skin surface after topical exposure has been docu- 
mented to alter the permeation kinetics of certain fragrance chemicals 
(Hotchkiss et al. 1992c). The mechanisms via which this occurs may include 
reduction in the loss of volatile fragrance agents by evaporation, increased 
skin hydration and increased skin temperature, all of which may enhance 
absorption. Using the in vitro SAM system, we have studied the effect of occlu- 
sion on the percutaneous absorption of a number of fragrance chemicals 
through rat and human skin. In the rat, occlusion of the skin surface was 
observed to increase the percutaneous absorption of five of the 16 fragrance 
chemicals studied, namely /-menthol, cinnamyl anthranilate, cinnamaldehyde, 
cinnamyl alcohol and 2-phenylethanol. However, occlusion did not signifi- 
cantly enhance the absorption of the remaining 11 chemicals (Table 1). In 
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Table 1. Inter- species comparison and effect of occlusion on the percutaneous absorption 
of fragrance chemicals through rat and human skin in vitro 


Compound 


Amount absorbed at 72 h (% dose) 




Rat 




Human 




Unoccluded Occluded 


Unoccluded Occluded 


Diphenyl ether 


0.3 


0.3 


0.2 


0.2 


1-Menthol (48 h) 


1 


3^ 






2 -Methoxy naphthalene 


2 


2 


2 


2 


d-Limonene 


6 


6 


3 


5 


Cinnamic acid (48 h) 


9 


7 






Dibutyl phthalate 


12 


10 


0.4 


0.5 


Dimethyl phthalate 


26 


17 


4 


4 


Cinnamyl anthranilate(48 h) 30 


38^ 






Eugenol 


34 


40 






Cinnamaldehyde 


34 


42^ 


24 


52^ 


Cinnamyl alcohol (48 h) 


37 


56^ 






Diethyl phthalate 


38 


23 


5 


4 


2-Phenoxyethyl isobutyrate 41 


46 


5 


5 


Coumarin 


57 


64 


46 


60^ 


Benzyl acetate 


58 


59 


12 


12 


2-Phenylethanol (48 h) 


64 


70^ 







Significantly different (p < 0.05) from unoccluded data. 



human skin, occlusion served to enhance the absorption of only two of the ten 
fragrance chemicals studied, namely cinnamaldehyde and coumarin, although 
there was no effect upon the absorption of the other seven chemicals (Table 1). 
Hence for most fragrance chemicals, occlusion does not appear to alter 
absorption, although any effects that do occur are compound and species 
specific. 

Species. Skin from various species may be used for percutaneous absorption 
studies. However, in order to make reliable judgements for risk extrapolation 
to humans, it is important to have a clear understanding of how absorption 
may vary between animals and humans. We have studied species differences in 
absorption for a number of fragrance chemicals through occluded and occlud- 
ed rat and human skin (Beckley-Kartey and Hotchkiss 1995; Garnett et al. 
1994; Mint and Hotchkiss 1993; Mint et al. 1994). In unoccluded human skin, 
percutaneous absorption is generally either less than (benzoic acid, benzyl 
acetate, cinnamaldehyde, dimethyl phthalate, diethyl phthalate, dibutyl 
phthalate, 2-phenoxyethyl isobutyrate) or sometimes the same as (coumarin, 
diphenyl ether, d-limonene, 2-methoxynaphthalene) the absorption through 
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unoccluded rat tissue (Table 1). The magnitude of the species difference is 
compound dependent and is greatest for dibutyl phthalate where a 30-fold 
difference was observed (12% rat; 0.4% human). When the skin is occluded, 
the same species differences are apparent for all chemicals with the exception 
of cinnamaldehyde and benzoic acid, where the absorption is greater through 
human skin than through rat tissue (Table 1). The rank order of increasing 
fragrance chemical absorption is similar in both species, although there is not 
complete concordance. These marked differences in absorption between rat 
and human skin suggest that care should be taken when relying on animal 
data to provide an accurate model for human absorption. 

Dose. The dose of a fragrance chemical applied to the skin surface may affect 
the rate and amount that is absorbed. For example, for benzyl acetate in the rat, 
absorption at 48 h is a fixed proportion (50%) of the applied dose up to a dose 
rate of 33 mg/cm^. However, thereafter absorption efficiency decreases with 
each dose to only 7 % at 331 mg/cm^. A similar relationship is observed between 
dose and absorption for the phthalate esters in human skin, where absorption 
linearly increases with dose up to 10 - 20 mg/cm^, but is non-linear thereafter. 
The absorption of eugenol and anethole through rat skin is also linearly dose- 
related up to a dose level of 15 mg/cm^. Hence the relationship between the 
applied dose and the extent of absorption is both compound and species 
specific. These data highlight the requirement for care when extrapolating from 
data derived by other laboratories without knowledge of dose effects. 

Vehicle. Fragrance chemicals will generally come into contact with the skin, 
not as the neat material, but as a formulated product containing additional 
constituents. The effect of formulation or vehicle on the percutaneous absorp- 
tion of a range of fragrance chemicals has been investigated using the SAM 
system. For benzyl acetate, an ethanol vehicle enhances absorption through rat 
skin at early times after application (6 h) but this effect is short lasting and is 
not observable at 48 h. 2-Phenylethanol and dimethyl sulfoxide both enhance 
benzyl acetate absorption at all times after application. Similarly, with 
eugenol, an ethanol vehicle enhances absorption through rat skin at early 
times, although not at 72 h. The extent of absorption of coumarin at 48 h and 
72 h is unaffected by application in a vehicle of ethanol or ethanol/diethyl 
phthalate (75:25), although the rate of absorption at early times is enhanced 
more than 2-fold when ethanol is used. Ethanol is a well documented skin 
penetration enhancer, and is often employed therapeutically in transdermal 
delivery systems for this purpose. Its mechanism of action is complex, but 
may involve transient damage to the stratum corneum lipid matrix, altered 
solubility and partitioning of coumarin between the vehicle and the skin 
(Hotchkiss et al. 1992c). 
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Skin Metabolism 

There is now considerable evidence that the skin is a living tissue, containing 
many of the xenobiotic metabolizing enzymes previously identified in the 
liver (Hotchkiss 1992, 1995 b; Hewitt et al. 1996). These enzymes can catalyze 
so-called phase 1 or “functionalization” reactions including oxidation, reduc- 
tion and hydrolysis as well as phase 2 or “conjugation” reactions. The presence 
of these cutaneous enzymes is generally thought to play a beneficial role in 
catalysing the detoxification of potentially harmful chemicals. In fact, 
cutaneous esterases may be so efficient that topically applied esters may be 
completely metabolized during skin absorption. In contrast, other cutaneous 
enzymes such as cytochromes P450, although generally less active, may serve to 
convert certain relatively harmless substances into potentially toxic meta- 
bolites. Although the specific activities of individual skin enzymes maybe low 
(generally <10% liver activities), the considerable mass of tissue with its 
extensive surface area (about 2 m^), suggests that cutaneous metabolism may 
play a significant role in the biotransformation of topically applied fragrance 
chemicals. 

Studies in freshly excised human and rodent skin in the in vitro SAM 
system and cultured epidermal keratinocytes, suggest that the skin is able to 
metabolize certain fragrance chemicals, but not others, during absorption 
(Beckley-Kartey et al. 1997; Nasseri-Sina et al. 1997). The extent to which such 
metabolism occurs depends on the chemical itself and the precise nature of 
the enzymes systems involved. Esterase activity is particularly high in skin, 
explaining the fact that after topical application of benzyl acetate to full 
thickness rat skin in vitro there is rapid and complete hydrolysis to benzyl 
alcohol (97%) with some further oxidation to benzoic acid (3%). In human 
skin, benzyl acetate is also extensively, but not completely, hydrolysed (99%), 
with 1 % of the absorbed material recovered as the parent compound (Garnett 
1992). The phthalic acid esters are also extensively metabolized during per- 
cutaneous absorption in human and rat skin (Mint 1995). Similarly, hydroxy- 
citronellal is completely metabolized during absorption through rat skin, with 
oxidation to the corresponding acid (catalyzed by cutaneous aldehyde dehy- 
drogenase; ALDH) and reduction to the alcohol (catalyzed by alcohol dehy- 
drogenase; ADH) (Tonge 1995). In these cases, systemic exposure after topical 
application in vivo will be to the metabolites, and not to the parent fragrance 
chemical. However, other fragrance compounds, particularly cytochrome P450 
substrates, are not metabolized significantly during absorption. For example, 
topically applied coumarin is absorbed through human, rat and mouse 
skin essentially unchanged, suggesting a lack of the cytochrome P450 isoforms 
responsible for hydroxylation in these species (Beckley-Kartey et al. 1997). 
Systemic exposure after topical application of unmetabolized fragrance 
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Table 2. Metabolism of fragrance chemicals during percutaneous absorption 



Chemical Species Extent of skin Metabolites 

metabolism (%) 



Benzyl acetate 


Rat 

Human 


Dimethyl phthalate and 
diethyl phthalate 


Rat and human 


Dibutyl phthalate 


Rat 

Human 


Cinnamaldehyde 


Rat 


Hydroxycitronellal 


Rat 


Coumarin 


Rat, mouse, 
and human 



100 


Benzyl alcohol and 


99 


benzoic acid 


100 


Monoester and 




phthalic acid 


100 


Monoester and 


93 


phthalic acid 


100 


Cinnamic acid and 




cinnamic alcohol 


100 


Acid and alcohol 



0 



Data drawn from Garnett 1992, Mint 1995, Tonge 1995, and Beckley-Kartey et al. 1997. 



chemicals such as coumarin in vivo is thus likely to be to the parent compo- 
und and not to its metabolites (Table 2). 

Cutaneous metabolism during percutaneous absorption may be of rele- 
vance for fragrance chemical toxicity, both at the local (skin) and systemic 
level (Hotchkiss 1995b). The sensitizer, cinnamaldehyde is rapidly converted 
to cinnamic acid and cinnamyl alcohol in human skin. Since all the available 
evidence suggests that it is the parent aldehyde that is the reactive moiety 
(Majeti and Suskind 1977; Weibel and Hansen 1989), one might hypothesise 
that the enzymes responsible for its metabolism to cinnamic acid (ALDH) and 
cinnamyl alcohol (ADH) in skin, might catalyze a reduction in the availability 
of the aldehyde within the tissue, therefore reducing cutaneous sensitization. 
Similarly, the contact sensitizer hydroxycitronellal undergoes extensive 
cutaneous oxidation and reduction by ALDH and ADH, respectively, to the 
corresponding carboxylic acid and alcohol, both in human skin homogenates 
and after topical application to full-thickness rat skin in SAM diffusion cells. 
This cutaneous metabolism may also serve to detoxify the reactive aldehyde 
(Table 2). 

Cutaneous Toxicity 

The ability of a fragrance chemical to elicit cutaneous toxicity is dependent 
upon three factors: (1) skin absorption (2) skin metabolism and (3) interac- 
tion with target sites e.g. skin macromolecules. As indicated above, hydroxy- 
citronellal is a skin sensitizing agent in humans, and in order for this toxicity 
to occur it must first be absorbed from the skin surface into the epidermis. 
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where it can be presented to the immune system. For small molecular weight 
haptens (<1 kDa) such as hydroxycitronellal, association with proteins in the 
skin is a likely pre-requisite for immune recognition. Haptens are generally 
electrophilic molecules, and as such they are able to bind covalently with the 
nucleophilic groups of protein amino acids, mainly amine groups (NH 2 ) in 
lysine (and arginine and histidine), and thiol groups (SH) in cysteine. 
Hydroxycitronellal is a reactive aldehyde capable of direct protein conjugation 
via free amino and/or thiol groups, the former leading to a Schiff’s base for- 
mation. The hapten-modified protein then acts as an immunogen via antigen 
presenting cells (Langerhans cells) in the epidermis, a classic type 4 delayed 
hypersensitivity reaction. However, if a fragrance chemical is not directly reac- 
tive it may be metabolized by cutaneous enzymes to a reactive metabolite (the 
hapten) which, in turn, forms conjugates with skin protein. 

We have confirmed experimentally that hydroxycitronellal is well absorbed 
after topical application to full-thickness rat skin in SAM cells, with approx. 
30% absorbed into the receptor fluid and 30% remaining within the skin at 
72 h (Tonge 1995). We have also employed immunochemical and cellular 
approaches to investigate the covalent binding of hydroxycitronellal to skin 
proteins. Using a fully characterized polyclonal antibody raised in our labora- 
tory against hydroxycitronellal-modified protein, we have detected hydroxy- 
citronellal protein adducts in full-thickness rat and human skin and skin 
homogenates by ELISA. Reducing conditions would appear to be critical for 
the development of these adducts in skin, possibly because reducing condi- 
tions are required to stabilise Schiff ’s bases. The formation of hydroxycitro- 
nellal-conjugates in full-thickness skin is dose-dependent and three distinct 
protein targets have been identified by Western blotting. Three polypeptides 
with molecular weights from 45 kDa to 65 kDa were most intensely labelled, 
and these proteins could be considered as candidate immunogens skin sen- 
sitization elicited following topical exposure to hydroxycitronellal (Tonge et 
al. 1994). 

Summary 

Our studies have shown clearly that all fragrance chemicals are absorbed into 
the skin to some extent, although this varies with the chemical from very low 
(e.g. dibutyl phthalate <1%) to extremely high (e.g. coumarin 70%). Skin 
absorption is affected by many factors, including dose, vehicle, duration of 
exposure and occlusion of the skin site. In addition, the skin acts as a reservoir 
for many fragrance chemicals into which they are rapidly taken up from the 
skin surface, but only slowly released into the systemic circulation. Further- 
more, the skin is metabolically active and although some fragrance chemicals 
may be absorbed essentially unchanged (e.g. coumarin), others may be en- 




1 34 S. A. M. Hotchkiss 



tirely metabolized during absorption (e.g. diethyl phthalate). Once absorbed 
into the skin, reactive fragrance chemicals are able to covalently modify skin 
proteins and form adducts that may be responsible for cutaneous toxicity such 
as skin sensitization. Thus, in gaining a detailed understanding of the mecha- 
nisms underlying the skin absorption, cutaneous metabolism and dermal 
toxicity of fragrance chemicals, a more accurate assessment may be made of 
the safety of such compounds after skin contact in humans. 
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Synthetic Musk Fragrances in Human Fat 
and Their Potential Uptake by Dermal Resorption 

G.G. Rimkus 



Introduction 

Animal fragrances have a long history of application by mankind. Musk is 
one of the most important and often used fragrances in perfumery. The 
odorous components in natural musk originate from the musk deer {Moschus 
moschiferus L.). Because of its thick, oily, jelly-like natural musk, the musk deer 
is the most desired, although untamed animal of Tibet and Siberia. Both the 
male and female deer have a musk gland (pod) under the tail; in addition, the 
adult male also has a pouch on the abdomen. Each musk pod contains about 
one ounce of liquid. The natural extracts contain macrocyclic ketones, 
alcohols and pyridine derivatives. Musk deers are still hunted for their musk, 
but not as much as in the past [1]. Moreover, due to the high cost and uncer- 
tainty of supply of natural musk and great expense and complexity involved in 
the chemical synthesis of the original musk compounds, natural musk has 
been replaced by synthetic musks with fragrance and other properties similar 
to those of the natural substances. The phenomenal growth demand for musk 
has created a world-wide synthetic musk industry. Today almost all of the 
musks used in cosmetics and fragrance products are synthetic. 

Baur had already introduced musk xylene as the first synthetic musk com- 
pound from the group of nitro musks in the last century [2]. This was followed 
by several similar nitroaromatic compounds. Table 1 presents the chemical 
names, CAS numbers, and chemical structures of the most important nitro 
musk compounds. These artificial musks do not occur in nature, and there is 
no chemical or structural relationship of the trinitro and dinitro benzenes 
with the natural musk compounds. They impart desirable musk-like odours to 
various consumer products and are used on a grand scale as fragrance fixati- 
ves and materials in personal-care and household products such as cosmetics, 
soaps, laundry detergents, fabric softeners, household cleaning products, air 
fresheners, and so on. Synthetic nitro musks are of great industrial im- 
portance, especially since they are easy and inexpensive to produce. Their 
world-wide production in 1987 was estimated to be about 2,500 tons per year 
[1]. China and India are the leading producers of nitro musks for the world 
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market [3, 4], In 1991, there was even a reported increase of about 29% in 
Chinese musk xylene production [3]. 

In 1981 Yamagishi et al. [5, 6] identified for the first time musk xylene and 
musk ketone in the aquatic environment. They analysed these nitro aromatics 
in fish, mussels, and water collected from the Japanese river Tama and the 
Tokyo Bay. These first results indicated the lipophilic and persistent nature of 
nitro musks, with their strong tendency to bioaccumulate in fish and other 
lipid-containing aquatic organisms. They identified the effluents of some 
communal sewage treatment plants as the cause of contamination. About ten 
years later, Rimkus and Wolf [7-9] analysed nitro musks in fish, mussels, and 
shrimps from various locations and started a broad discussion about this new 
class of ubiquitous environmental contaminants in aquatic ecosystems. For 
the first time they also unambiguously detected nitro musks in human 
adipose tissue and human milk [10-12]. In the meantime, their results have 
been confirmed by various studies; they will be summarized and discussed in 
detail in the following paragraphs. 

In the 1950s, another important group of synthetic musk compounds, the 
polycyclic musk fragrances, were introduced. Table 2 summarizes the chem- 
ical names, trade names, CAS names and numbers, and the chemical struc- 
tures of seven polycyclic musk compounds. These polycyclic musks are 
highly substituted indane and tetraline derivatives and they do not resemble 
the natural macrocyclic musk components in their chemical structures. Their 
production is more complex and, therefore, in comparison to the nitro musks, 
they are more expensive. Nevertheless, according to the data of a study on the 
world- wide synthetic musk market [1], polycyclic musk production has 
increased annually, with a world-wide production of about 4,300 tons a year in 
1987. According to this study, polycyclic musks accounted for about 61% of the 
total world market of synthetic musk fragrances in 1987, with an upward ten- 
dency. The decline in nitro musk production and the increase in polycyclic 
musk production is based primarily on the restrictions on the use and appli- 
cations of musk ambrette [1]. Furthermore, it maybe assumed that the critical 
discussions about some environmental and toxicological characteristics of 
several nitro musks promoted their replacement by polycyclic musks. Con- 
sequently, the latter are used as substitutes not only for natural musk, but also 
for nitro musks - mainly musk xylene and musk ketone - in the same way in 
personal-care and household products as mentioned above. 

Recently Eschke et al. [13, 14] also identified for the first time the polycyclic 
musk compounds in water and fish from the river Ruhr and some municipal 
sewage treatment plants. Their findings indicated some similarities in the 
environmental behaviour of these compounds with the comparatively well- 
known nitro musks, even though the environmental concentrations of the 
main pollutants HHCB and AHTN seem to exceed to some extent those of 





Table 2. Chemical names, trade names, CAS names, CAS numbers, and chemical structures of seven polycyclic musk compounds 
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musk xylene and musk ketone. These synthetic musk compounds were recent- 
ly also found in human fat samples [15-17]; the results will be summarized 
and extensively discussed in the following. 

The aim of this chapter is to summarize all published data available on the 
contamination of human fat, especially of human adipose tissue and human 
milk, by synthetic musk compounds. The results will be critically discussed in 
detail, with special emphasis on potential dermal resorption and the chronic 
toxicity of synthetic musks. 

Results 

The residue analysis of the relatively nonpolar and lipophilic nitro musk 
fragrances in human samples is carried out similarly to and together with the 
well-known routine analysis of organochlorine pesticides and polychlorin- 
ated biphenyls (PCBs) [11]. They are completely extracted from the human 
tissue together with the lipid fraction, the cleaned extracts are analysed by 
capillary gas chromatography and detected with the equivalent current di- 
poles (ECDs), together with the chlorinated pesticides and PCBs. The nitro 
musk are identified and confirmed by various techniques of mass spectro- 
metry [11]. 

The concentrations of musk xylene and musk ketone in human milk, 
human adipose tissue, and human blood that have been reported in the litera- 
ture to date are summarized in Table 3. Most of the studies were carried out in 
Germany, and some further data were reported from Switzerland. Due to the 
world- wide production and use of nitro musks, it is assumed that comparable 
contamination levels in human samples from other geographical sites exist. In 
almost all analysed samples, musk xylene and musk ketone were found, with 
the levels in human milk ranging from 0.005 to 1.22 mg/kg lipid for musk xy- 
lene and from less than 0.001 to 0.24 mg/kg lipid for musk ketone. The conta- 
mination of human adipose tissue was comparable: 0.005-0.288 mg/kg lipid 
for musk xylene and from less than 0.001 to 0.22 mg/kg lipid for musk ketone. 
Irrespective of the various studies, there is a relatively close correlation be- 
tween all the mean values of musk xylene and musk ketone. In most of the 
samples the musk xylene concentrations exceeded those of musk ketone 
significantly. Musk xylene was also detected in blood plasma and blood lipid 
[23, 24]. The musk xylene concentrations could be compared with those of 
some organochlorine pesticides such as lindane, f3-¥LCH or dieldrin detected 
in the same samples [ 1 1 ] . In a few samples musk ambrette and musk moskene 
were also detected at very low levels [11, 17, 18]. Musk tibetene could not be 
detected at all. 

The analysis of the lipophilic polycyclic musk compounds in human tissue 
samples is similar to the routine analysis of chlorinated pesticides [16]. In con- 
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trust to the nitro musks, the polycyclic musk compounds cannot be detected 
with sufficient sensitivity by capillary gas chromatography with an BCD due 
to their chemical structure. On the other hand, mass spectrometry can be used 
for identification and routine analysis [16]. Hitherto, in three studies from 
Germany and Switzerland, polycyclic musk compounds have been analysed in 
a total of 38 samples of human milk and human adipose tissue. Table 4 sum- 
marizes the reported concentrations of HHCB, AHTN and ADBI in human 
samples. In all analysed samples HHCB and AHTN were unambiguously 
detected and quantified. The levels ranged from 0.012 to 0.360 mg/kg lipid for 
HHCB and from 0.001 to 0.290 mg/kg lipid for AHTN. The ADBI concentra- 
tions were significantly lower, and only in some samples could AHDI and ATII 
also be detected at very low levels [15, 16]. None of the samples contained 
detectable traces of DPMII and ATTN [15, 16]. In all samples HHCB and AHTN 
were the main compounds within the group of polycyclic musks having the 
highest contamination levels. In all three studies the contents of musk xylene 
and musk ketone were also analysed in parallel; in most of the samples the 
levels of HHCB exceeded those of the nitro musks significantly. All these ana- 
lysed concentrations in human tissues seem to correlate directly with the 
industrial production numbers and the usage rates of the individual musk 
fragrances. 

Discussion 

In all human samples of the several independent studies analysed to date, re- 
sidues of nitro musks and polycyclic musk compounds were unambiguously 
detected and quantified. These synthetic musk fragrances represent a new 
group of ubiquitously distributed contaminants in human fat and milk, com- 
parable with the contamination by some polyhalogenated compounds such as 
certain pesticides, PCBs and dioxins. In-depth statistical evaluations of these 
first results have not yet been carried out because of the limited number of 
analysed samples taken in conjunction with the rather large and typical varia- 
tion of residue levels in human tissues. Furthermore, it does not yet appear 
possible to correlate meaningfully these residue concentrations with various 
biological parameters of the donors or with concentrations of other (poly- 
halogenated) contaminants. In order to understand which parameters affect 
these levels in human tissues, further extensive and systematic investigations 
with a higher number of samples together with detailed information about the 
donors of the samples are urgently needed. 

In the discussion of the primary route of human contamination by organo- 
halogenated compounds it is generaUy proven and accepted that the main 
route of uptake is performed by food, especially by food of animal origin. Until 
now the synthetic musk compounds have been identified only in organisms of 
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the aquatic environment such as fish and mussels (summary in [25]). In other 
food of animal origin, such as milk and dairy products, eggs, and meat/fat of 
cattle or pigs they have not been detected [25]. Moreover, the relatively low 
average fish consumption in Germany consists mainly of North Sea and Atlan- 
tic fish with very low or even non-detectable concentrations of synthetic musk 
fragrances [25]. Only samples of freshwater fish from polluted rivers or aqua- 
cultures showed higher contamination levels. Thus the average oral uptake of 
musk compounds has to be assumed to be relatively low and, therefore, 
negligible. Due to this assumption, another contamination route besides food 
consumption was already suggested in the first publications about nitro musks 
in human fat and milk [10, 11]. It was assumed that the synthetic musk com- 
pounds, due to their high lipophilicity and due to their frequent and intensive 
dermal contact as fragrances in cosmetics and washed/softened textiles, 
would be percutaneously resorbed and bioaccumulated in human fat. In the 
meantime this hypothesis about the dermal resorption of synthetic musks has 
been supported by several studies and various arguments. 

For this reason, 72 human blood samples were recently analysed in order to 
determine the musk xylene concentrations within the general population [24]. 
The subjects were asked about their fish consumption habits. In almost all 
samples musk xylene was detected, but any statistical relationship between 
musk xylene concentrations and fish consumption habits - which should be 
expected if the primary uptake route had been by food - could not be found. 
Kokot-Helbling et al. [26] calculated from the reported musk xylene concen- 
trations in human adipose tissue, together with an average human fat content 
of 25 %, a total body burden of 1 .75 mg musk xylene on the basis of 70 kg body 
weight. Moreover, they determined that musk xylene has a half-life in human 
blood of about 100 days. From these data they calculated an average daily 
uptake of musk xylene of about 1 1 p/person or 160 ng/kg body weight. In this 
context. Ford et al. [27] reported an estimated maximum exposure to nitro 
musks from their use in fragrances to be 40-320 pg/kg body weight per day. 
Kokot-Helbling et al. [26], as well as Brunn and Rimkus [28], calculated that 
only one portion of extremely contaminated fish can lead to an oral uptake of 
about the average daily uptake. On the other hand the use of cosmetics and 
household detergents with high musk xylene contents, together with an esti- 
mated dermal absorption of 5% can easily exceed the calculated daily uptake. 
In comparison the uptake of musk xylene by inhalation seem to be quantita- 
tively negligible [26]. 

Studies with rats [27, 29] and in vitro tests with skin [30] also support the 
argument of dermal resorption of synthetic musk compounds. Subchronic 
dermal and dietary treatment of male and female rats with musk ambrette 
induced the same neurotoxic effects [29]. Another detailed study [27] con- 
firmed that obviously identical results with similar doses were caused regard- 
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less whether the route of exposure was oral or dermal. Similar results were also 
reported with ATTN [31]. Recently a FDA study measured the percutaneous 
absorption of musk xylene in vitro in human and in hairless guinea pig skin 
[30] . For comparison, musk xylene was applied to skin in an oil-in-water emul- 
sion or in the volatile solvent methanol. After 24 h, total absorption of musk 
xylene in hairless guinea pig skin was 55% from the emulsion and 45% from 
methanol. Permeation of musk xylene into human skin from both solvents 
decreased to 22% of the applied dose. The data suggested that most of the 
absorbed musk xylene in the skin at 24 h will be systemically absorbed in vivo 
within 1 week. Throughout the 24 h study, absorbed musk xylene was not 
metabolised. A permeability constant for musk xylene permeation through 
hairless guinea pig skin of 6.86x10"^ cm/h was calculated. The amount of 
musk xylene absorbed through human skin from soap, body lotion and 
perfume was estimated. The highest absorption resulted for body lotion 
because it is applied to large areas of the body and remains on the skin for re- 
latively long periods. Products such as soaps and shampoos which are re- 
moved a few minutes after application resulted in much less penetration of 
musk xylene. 

All these cited studies may be an evidence that dermal resorption of syn- 
thetic musk fragrances is probably the main route of contamination. In this 
context it should be mentioned that this is apparently in contrast to the con- 
tamination of humans by polyhalogenated compounds. Recently some lipo- 
philic sunscreen agents from cosmetic products were also analysed for the 
first time in human milk samples [32] . It seems that the human skin is not such 
a total barrier to some lipophilic compounds from cosmetics as had been pre- 
viously assumed. Further extended studies are urgently needed in order to 
assess the contamination and elimination routes (including their mecha- 
nisms) of synthetic musk compounds in humans in more detail. 

For the time being there is only very limited knowledge about the chronic 
toxicity of these artificial fragrances. Despite the high production figures, the 
world-wide use of these compounds, and their presence as pollutants in the 
aquatic environment and in humans, little has been reported about their toxic 
and possibly other adverse biological effects. Studies of adverse human health 
effects haive primarily focused up to now on photosensitivity and dermal reac- 
tions. Musk ambrette showed photoallergenic, neurotoxic, and mutagenic 
effects and, therefore, its usage in cosmetics has been banned in the European 
Community since 1995 [33]. ATTN also demonstrated strong neurotoxic ef- 
fects [31] and for that reason world- wide production was discontinued in 
1980. The few toxicological data available are summarized and evaluated by 
a number of reviewers [28, 34 -38]. All reviewers came to the conclusion that 
due to the lack of appropriate toxicological data, it is not yet possible to make 
an assessment of a resulting health risk. In 1995 the International Agency for 
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Research on Cancer (lARC) came to the overall evaluation that musk xylene 
and musk ambrette were not classifiable as to their carcinogenicity to humans 
(Group 3). There is a strong need for further investigations to gain sufficient 
toxicological data for risk assessment, to identify the main sources of human 
exposure and to establish pharmacokinetic data for the estimation of the 
daily absorbed dose and bioaccumulation [17]. In terms of prospective health 
protection these contaminations from cosmetics in human tissues are not 
desirable. Irrespective of the final toxicological assessment, strong efforts are 
urgently needed to reduce and avoid such contamination in humans. Due to 
their high bioaccumulation potential in humans and in the aquatic environ- 
ment, their general persistence, lipophilicity, dermal permeability and insuf- 
ficiently assessed toxicity, these synthetic musk fragrances should be im- 
mediately replaced in cosmetics and detergents by other compounds which 
are toxicologically and ecologically harmless. 
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A Reappraisal of the Guinea Pig Maximization Test 

A. M. Kligman 



Introduction 

The human maximization test was described 30 years ago, in 1966, followed 
3 years later by the guinea pig maximization test [1,2]. Owing to limited access 
to human volunteers, it is the guinea pig test which has been far more fre- 
quently used. Although alternative animal models are receiving appreciable 
attention, the guinea pig maximization test is still the gold standard for assess- 
ing allergenicity. 

It will be recalled that it was the failure of repeated insult tests in rabbits to 
identify well known human contact allergens that stimulated the search for a 
more sensitive model. This was accomplished by ‘‘maximizing” the exposures 
so as to boost the immune responses allowing even weak and marginal aller- 
gens to be identified. An extensive experience has demonstrated that the 
enhanced sensitivity has greatly reduced the possibility of false negative out- 
comes, in which weaker allergens are not detected. On the other hand, new 
problems have arisen which Magnusson and Kligman failed to appreciate. 
For example, a problem opposite to the original one of false negatives has 
emerged, namely, false positives in which irritants are misidentified as aller- 
gens. This is not uncommon and has generated new controversies regarding 
the reliability of the test. Thus, the specificity of the maximization procedure 
has been challenged. Moreover an enormous experience in laboratories of 
toxicology around the world has raised up disturbing questions about sub- 
stantial inter-laboratory differences and the all too frequent occurrence of 
labeling irritants as allergens. Much of this new awareness of the limitations of 
the guinea pig maximization procedure lies buried in the private files of 
manufacturers of topical chemicals and skin care products. 

Kligman and Basketter have recently addressed the above issues in detail 
and have suggested guidelines for avoiding unreproducible and false positive 
results [3]. The Bundesgesundheitsamt (BGA) has voiced similar concerns and 
has amended the maximization test to improve both sensitivity and specificity 
[4]. Others have recently been drawn into the vexing problem of false posi- 
tives. Buehler, a prominent figure in cutaneous toxicology, has called attention 
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to the fact that even common vehicles widely accepted as innocent materials, 
can give rise to inflammatory reactions at the time of challenge [5]. Magnus- 
son and Kligman were completely unaware of false positive responses and 
inappropriately scored erythematous reactions, even patchy ones, as allergic 
responses. Thus are inventors seduced by their own creations! 

Andersen et al. have recently suggested strategies for interpreting weak 
patchy erythematous reactions so as to avoid mislabeling of irritants as aller- 
gens [6]. 

These new cautions have improved the credibility of the guinea pig model. 
For interested investigators, the aforementioned papers furnish full technical 
details which are not pertinent to this review. 

This chapter deals with more general conceptual issues which relate to our 
understanding of the biology of cutaneous inflammatory reactions. This is an 
appropriate place to review some of the problems which have plagued investi- 
gators concerned with developing procedures for identifying and rating the 
allergenicity of topical substances. 

The Angry Back Phenomenon 

This term was created by Mitchell in 1975 [7]. It received immediate, enthus- 
iastic and universal acceptance. Mitchell observed that when multiple patches 
were positive in the diagnostic workup, many became negative when tested 
one at a time at a later time. This led him to create the catchy concept that 
“eczema creates eczema”. His definitive statement, comprising the central 
tenet of his concept was: “A single strong patch test reaction creates an angry 
back which is hyper-reactive to other patch test applications. Concomitant 
false positive reactions are thus obtained.” While he did not investigate the 
phenomenon experimentally, his clinical observations were correct, as far as 
they went. 

Maibach, realizing that the whole integument, not just the back, was hyper- 
reactive expanded the concept into the “excited skin syndrome” [8]. 

It turns out that the excited skin syndrome, also known as hyper-irritable 
skin, has a long history by distinguished masters of dermatology. Already in 
1921 von Zumbusch reported that patients with eczema reacted to multiple 
materials which were nonirritating to normals [9]. In 1924 Bloch introduced 
the term “status eczematicus” for the same phenomenon [10]. Geiger too in 
1924 warned about nonspecific reactions in eczema patients [11]. He found 
that only 4% of normals reacted to 60% turpentine in contrast to 90% in ec- 
zema patients. Bjornberg in 1968 clearly understood hyper-irritable skin. In 
his classic paper on hand dermatitis he realized that patches that were 
positive when the dermatitis was active became negative when the eruption 
cleared [12]. 
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Kligman and GoUhausen went to considerable pains to demonstrate in nor- 
mal human volunteers that a single strongly positive patch test, whether irri- 
tant or allergic, had no effect on concomitant patch tests, whether allergic or 
irritant, regardless of whether the patches were nearby or distant [13]. Their 
studies contravened the generalized concept that eczema creates eczema. 

Mitchell found that 42% of positive patch tests were lost upon repatching 
later [7]. Lost positives turn up frequently in the literature. Bruynzeel noted 
a 44% rate of loss upon retesting 3 weeks later [14]. The record is held by 
Luderschmidt et al. with a loss rate of 62 % [ 1 5] . Even 4^ severe reactions some- 
times became negative on later retesting. 

There is no doubt that the excited skin syndrome and the Angry back are 
clinical realities. The dispute centers around the interpretation. 

The resolution of this controversy lies in recognizing that multiple reac- 
tions are common when patients attending patch test clinics are tested with 20 
or more common allergens. When 4 or 5 patches are strongly positive, one 
should instantly suspect false positives. This phenomenon, as pointed out by 
Kligman and GoUhausen, cannot be experimentally demonstrated in normal 
subjects. It is the presence of a long standing dermatitis that creates the hyper- 
irritable state. It is precisely the patients with a stubborn or undiagnosable 
dermatitis who are subjected to batteries of patch tests. When such patients 
are successfuUy treated, the multiple positive reactions fade into insignifi- 
cance. It is the clearing of the dermatitis and the passage of time that accounts 
for the conversion of positives to negatives. 

This is not the place to speculate about mechanisms, but it seems very 
likely that a number of circulating cytokines, especiaUy tumor necrosis factor 
and interleukins underlie the phenomenon of hyper-irritability [16]. 

With this human background we can now return to the celebrated guinea 
pig and to the experimental findings of Kligman and Basketter [3]. 

Firstly, these investigators were able to induce the hyper-irritable state by 
performing maximization tests to substances which are unequivocally known 
to be irritants and not allergens, viz., a cationic surfactant, benzalkonium 
chloride, and a hair dye, henna. 

With the fojmer at a concentration of 0.2 % they found that 7 of 20 animals 
showed a positive challenge reaction. Upon rechallenge 3 weeks later, only one 
of 20 animals reacted. It has been our consistent experience, in humans as 
well, that false positive irritant reactions routinely become negative upon 
rechallenge 3-4 weeks later. Andersen et al. also recommend rechallenge as 
a way of identifying false positives [17]. By contrast in truly allergic reactions, 
positive reactions are demonstrable for at least 2-3 months after the original 
exposure. Sometimes weakly positive reactions may be relatively transient 
with some conversions to negative after 1-2 months. It is the commonly 
encountered grade 1, weakly positive reactions that poses the greatest challenge 




156 A.M.Kligman 



to the operator. Unfortunately up to this time, there is no practical way, 
clinically or histologically, to differentiate weakly positive allergic reactions 
from irritant ones. Thus rechallenge is decisive in rendering a final judgment. 
When in doubt the entire procedure should be repeated. 

Kligman and Basketter, as well as the German G BA have proposed a modi- 
fication which attempts to minimize the problem of false positives. A matched 
group of animals is added in which the skin is deliberately inflamed to a simi- 
lar degree as for the test agent. This is accomplished by injecting an additional 
control group with Freund’s adjuvant along with a pure irritant such as SLS. 
Then, this group which has been deliberately brought to the hyper-irritable 
state is challenged with the test substance. Equivalent erythematous reactions 
indicate a false positive result. This strategy is an attempt to factor in nonspe- 
cific hyper-irritability in performing maximization tests. Of course this adds 
to the expense and labor of the procedure. 

Mitchell has reacted furiously to this proposal in a letter to the editor of the 
journal of Contact Dermatitis entitled ‘‘Egregious Blunder of Maximization 
by Angry Back and a Note on Unconfirmed Ergodata” [ 18 ]. He argues that 
attaining an equivalent angry back in the control group is a fundamental 
error and the statement that it can be achieved is “extraordinary and reckless”. 
Evidently this is still a very hot issue! 

Hazard and Risk Assessment 

Magnusson and Kligman emphasized caution in converting maximization 
results into policies, especially regulatory edicts. It must be realized that the 
test assay only estimates the potential for inducing contact sensitization. It 
rates test substances along a spectrum ranging from low to high allergenicity, 
under the conditions of the assay. Toxicologists define this as a statement of 
hazard. It does not predict what will happen in the real world. The common 
parlance of calling these tests “predictive” leads to serious misunderstandings. 
It is true that a negative result conveys a sense of safety that widespread use 
will not result in prohibitive rates of sensitization. On the other hand, strongly 
allergenic substances should not automatically be discarded as posing too 
great a risk. It is the business of risk assessment to take into account the many 
factors which ultimately influence the actual rates of sensitization when the 
substance is released into the channels of commerce. These include concen- 
tration, duration and intensity of exposure, leave on or rinse off, application to 
normal or diseased skin, and others. One should not abandon a highly aller- 
genic substance which has valuable properties whether a drug, cosmetic, 
toiletry or industrial chemical without a professional risk assessment. It must 
be remembered that the exposure conditions during induction are unusually 
intensified, designed to reduce the likelihood of missing even weak allergens. 
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Intensified exaggerated exposures will unavoidably raise the allergenicity 
scores all along the spectrum. The practical danger is that the maximization 
test exaggerates the risk and deters the manufacturer from commercial exploi- 
tation. There are a number of compelling examples in which nearly all of the 
test animals become sensitized to a given agent. Nonetheless these same ma- 
terials are acceptable under normal conditions of use. 

For example, benzoyl peroxide, used in acne treatment for half a century, 
sensitizes 100% of the guinea pigs. Similar results are obtained in the human 
maximization assay. Yet, sensitization in acne sufferers who may use this pro- 
duct daily for years is very low, probably not more than one in ten thousand. 
Why the dramatic discrepancy between testing and usage? The fact is that 
benzoyl peroxide is an unstable substance which quickly degrades to benzoic 
acid when it hits the skin. Moreover, it is applied openly, not occlusively, and in 
much lower concentrations therapeutically than in the guinea pig test. In the 
present regulatory climate one wonders whether benzoyl peroxide would have 
been marketed if the original producers could have known about its capacity 
to sensitize 100% of the test animals! 

Ethanol 95% is likewise over-rated in the maximization test. About 30% of 
guinea pigs become sensitized. In humans the corresponding value is 20 % [3] . 
Ethanol is a very rare sensitizer, worthy of a case report when it occurs. The 
low risk of sensitization is easily explained by the fact that ethanol evaporates 
rapidly after application, an event that is prevented under the occlusive 
exposure conditions of the test. Other examples in which the test results 
generate unnecessary worry are cinnamic aldehyde (a fragrance used in low 
concentrations), p-phenylenediamine (a hair dye mainly applied to hair not 
the scalp), and Kathon CG (a preservative which is used in low concentrations 
mainly in brief contact rinse off materials). 

It must be conceded that the maximization test is hard and unpleasant for 
the guinea pigs. The mouse lymph node assay is much simpler, faster and less 
onerous for the animals. The guinea pig maximization test will become ob- 
solete when it is shown conclusively with this model that weak allergens can 
be detected and false positives eliminated. So far, this has not been achieved. 
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The Hydroxycitronellal Story: 
What Can We Learn from It? 

R. R. SuSKIND 



Introduction 

What is the character and size of the database for this fragrance molecule? 
A computer review of the database - provided by A. M. Api of RIFM reveals 241 
references in which the range of subjects includes animal studies, toxicity, dia- 
gnostic evaluation using patch tests, and safety assessment. These have been 
carried out over a period of almost 25 years. This compound, which is 
7-hydroxy-3,7-dimethyloctan-l-al, is shown in Fig. 1. Between 1973 and 1980, 
14 human maximization tests were carried out to determine the sensitizing 
potential of hydroxycitronellal. This is shown in Table 1. 

Initially in 1973 when what was regarded as ten times the use level, 5%, in 
petrolatum elicited no allergic sensitization reactions. This was repeated by 
Epstein in 1976 who also elicited no reactions. In the same year Kligman using 
10% hydroxycitronellal on subjects who were also being tested with cinnamic 
alcohol produced two sensitization reactions to the hydroxycitronellal. When 
this was repeated 2 years later with the same concentration, no reactions in 25 
subjects were elicited. In the same year Epstein, using the same concentration, 
produced four reactions in 27 subjects. One year later, using a Japanese- 



Fig. 1. Hydroxycitronellal (From 
Suskind 1992) 




7-Hydroxy-3,7-dimethyloctan-1-al 
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Table 1. Summary of human maximization testing for hydroxycitronellal sensitization 
potential (from Suskind 1992) 


Sample 


Source 


Reference 


Concentration 


Results 


A 


Y 


Kligman 1973 


5% PET 


0/25 male 


B 


X 


Epstein 1976 


5% PET 


0/26 


C 


X 


Kligman 1976 


10% PET 


2/25“ 


C 


X 


Kligman 1976 


10% PET 


0/25 >> 


D 


W 


Khgman 1978 


12% PET 


0/25 


E 


W 


Epstein 1978 


12% PET 


4/27 


F 


z 


Epstein 1979 


12% PET 


7/26" 


F 


z 


Epstein 1979 


12% PET 


6/26 




w 


Kligman 1979 


12% PET 


0/25 


Hf 


w 


Kligman 1979 


12% PET 


3/25 


IS 


w 


Kligman 1979 


12% PET 


0/25 




w 


Kligman 1979 


12% PET 


1/25 


Ri 


z 


Epstein 1980 


12% DEP 


2/22 


V 


z 


Epstein 1980 


12% DEP 


1/26 


M 


w 


Epstein 1980 


12% DEP 


2/21'" 



DEP, 25% diethyl phthalate was the vehicle; PET, petrolatum USP was the vehicle. 
^ Two subjects reacted to hydroxycitronellal and cinnamic alcohol. 

^ Sample C retested by itself in a virgin panel. 

Japanese-American panel. 

^ Sample F retested in a Caucasian panel. 

® A purified version of Hydroxycitronellal from a-pinene. 

^ d-Hydroxycitronellal purified, 
s /-Hydroxycitronellal purified. 

^ pseudo Hydroxycitronellal. 

^ Lower boiling fraction. 

^ Higher boiling fraction. 

^ Tested on same panel with washed cinnamic alcohol. 



American panel, he produced seven reactions in 26 subjects, and in that same 
year, with the same sample, produced six reactions in 26 Caucasian subjects. 
Kligman, using a purified version of “hydroxy” from a-pinene was unable to 
induce allergic reactions in a panel of 25 subjects. In the same year, using dihy- 
droxycitronellal, Kligman was able to sensitize three out of 25 subjects but 
when using the levo isomer of hydroxycitronellal, he was unable to sensitize 
any of his 25 subj ects. A collaborative study conducted in the Netherlands with 
the help of K. Malten revealed that 10% of all positive test reactions among 
dermatitis cases were to hydroxycitronellal. Beginning in the middle 1970s, 
cases of contact dermatitis due to hydroxycitronellal were reported and veri- 
fied by positive patch test. The following describes the status of the compound 
by 1990. 
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Status in 1990 

1. No conclusive evidence 1 stereoisomer is less sensitizing than racemic dl 

2. Vehicle ethanol (ETOH; 75 %)/diethyl phthalate (DEP; 25 %) influenced fre- 
quency and degree of sensitization when compared with DEP alone. 

3. 5% in a single phase HRIPT induced sensitization in 36% of subjects. 

At that point also there was uncertainty that 1% hydroxycitronellal in 
ETOH/DEP induced sensitization. In a single phase HRIPT using 5% in the 
ETOH/DEP vehicle 36% of subjects were sensitized. In DEP alone 5% 
hydroxycitronellal produced no sensitization. In a two phase HRIPT, 2.5% 
hydroxycitronellal sensitized more than 20% of the subjects. In one HRIPT 
using 1 % in ETOH/DEP, one of 52 panelist exhibited a questionable sensitiza- 
tion reaction. When repeated using 1 %, positive elicitation responses were 
produced in three subjects considered at the time to be an irritant rather 
than sensitization reactions. Hence, it appears that there was no clear cut evi- 
dence that 1 % in ethanol/DEP induced sensitization in humans under test 
conditions. However, the data was considered definitive enough to regard this 
as a “no effect” level (NOEL). It was apparent that use tests were now indicated. 
The results were quite revealing. The tests involved the six month long use of 
a bar soap containing a fragrance with 0.05% hydroxycitronellal followed by 
a three month use of moisturizing lotion containing a fragrance with 0.03% 
hydroxycitronellal. The final phase of the use test which lasted four months 
involved the use of four different cologne type products containing a perfume 
with 0.05% to 1 % hydroxycitronellal. 

The panels of subjects in the first use test included 41 previously sensitized 
in an HRIPTs, 18 subjects previously not sensitized in an HRIPTs, and 26 
naive subjects. Prior to the start of the program all of the 85 subjects were 
patch tested to eight materials. After the completion of the use program, the 
panelists were patch tested again to the same materials. The materials were: 

- A: 5 % ^/-Hydroxycitronellal in 75 % ethanol/25 % diethyl phthalate. 

- B: 5 % /-Hydroxycitronellal in 75 % ethanol/25 % diethyl phthalate. 

- C: 5 % d-Hydroxycitronellal in 75 % ethanol/25 % diethyl phthalate. 

- D: 1 % aqueous solution of the bar soap containing hydroxycitronellal. 

- E: 1 % aqueous solution of the bar soap without hydroxycitronellal. 

- F: 1 % aqueous solution of the bar soap base without perfume. 

- G: 75 % ethanol/25 % diethyl phthalate. 

- H: Distilled Water. 

- I: 1% Perfume without hydroxycitronellal in 75% ethanol/25 % diethyl 
phthalate. 

The subjects (n = 85) used a standard bar soap containing 0.05% hydroxy- 
citronellal, at least once daily on the arms and forearms with the use being 
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recorded in a diary. Evaluation examinations by the physician were made after 
two and four weeks of use. At 4 weeks a whole-body examination was con- 
ducted; following that the subjects were instructed to use the soap for all 
showering and bathing at least once daily for 6 months. The subjects returned 
every 4 weeks for review and whole-body examination. After three months of 
such use, a moisturizing lotion containing 0.03% hydroxycitronellal was used 
on the hands and forearms at least once daily. No clinical reactions were ob- 
served with that use program even in previously sensitized individuals who 
were patch test positive to hydroxycitronellal. 

The results of this initial diagnostic patch test among the 41 sensitized pane- 
lists were as follows (Table 2): 51% reacted to 5% ^/-hydroxycitronellal, 32% 
reacted to 5% /-hydroxycitronellal, 56% reacted to 5% d-hydroxycitronellal, 
10% reacted mildly to the bat soap containing a fragrance with hydroxycitro- 
nellal and the same percentage to the bar soap containing a fragrance without 
hydroxycitronellal (Table 2). One panelist reacted to the 1 % bar soap aqueous 
solution alone without a fragrance. None of the nonsensitized panelists reacted 
to these patch test materials; among the naive panelists, a few reacted mildly to 
the soap solutions which could be regarded as irritating. 

Diagnostic patch tests with the same materials as were used in the pre-use 
program were carried out at the end of the second phase of this use program. 
A ninth material, however, was added which was a 1 % perfume formulation, 
Parfum du Rhone, without hydroxycitronellal in ETOH/DEP. Thirty- four sen- 
sitized panelists were available for post use tests. The results are shown in 
Table 3. 

The last phase of the use test involved cologne formulations. The subjects 
were the same as those participating in the bar soap-lotion use program. 
Thirty-one subjects in the sensitized group completed the program. Prior 
to entrance into the use test phase of the study, each subject had a whole 
body examination by the study dermatologist. 

As previously described, the subjects were exposed to a different test ma- 
terial for each of four months. The test materials consisted of four different 



Table 2. Hydroxycitronellal 
use test, preuse diagnostic 
patch test, 41 previously 
sensitized panelists (from 
Suskind 1992) 





No. of reactions 


Reactions (%) 


A 


21 


51 


B 


13 


32 


C 


23 


56 


D 


4 


10 


E 


4 


10 


F 


1 


2 


G 


0 


0 


H 


0 


0 
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Table 3. Hydroxycitronellal 
use test, final diagnostic 
patch test, sensitized pane- 
lists (n = 34; from Suskind 
1992) 





Positive reactions 


Reactions (%) 


A 


15 


47 


B 


10 


29 


C 


20 


59 


D 


2 


6 


E 


1 


3 


F 


3 


9 


G 


0 


0 


H 


0 


0 


I 


1 


3 



Table 4. Cologne materials 
(from Suskind 1992) 


1 


0.05% 


Hydroxycitronellal 


2 


0.1% 


Hydroxycitronellal 




3 


0.3% 


Hydroxycitronellal 




4 


1.0% 


Hydroxycitronellal 




5 


0% 


Hydroxycitronellal 




6 


Only 90% 


Ethanol +10% water 



cologne type products identified as products 1, 2, 3 and 4, shown in Table 4. 
Two additional test materials (products 5 and 6) were reserved for usage in 
cases of severe reactions, as dictated by the protocol. 

Each subject received a supply of test material to last one month, at which 
time the product was returned and a new product was issued. Applications of 
the test material were made three times a day to the proximal volar surface of 
the forearm with a cotton swab. The area of application was approximately 
5 cm in diameter. A period of at least 4 h elapsed between each application. The 
subject recorded the date and time of each application on the diary sheet. The 
test lasted for 4 months. 

The results were as follows: there was one reactor to the cologne containing 
0.05 % hydroxycitronellal among 31 patch test positive panelists. Positive reac- 
tions were elicited in 3 sensitized panelists with the cologne containing 1% 
hydroxycitronellal. Diagnostic patch tests were performed after the comple- 
tion of cologne usage with six materials listed in Table 5, along with results in 
those who completed the test {n = 29). 

The two remaining panelists of the 31 participants were not patch tested 
because one had reacted clinically to 0.05% hydroxycitronellal in cologne 
during the use program and another to 1 % in cologne. The other 2 panelists 
who reacted to 1 % in cologne were among the 29 tested. One of the naive 
panelists was observed to have a mild reaction to D, which is water. None of the 
nonsensitized previously used panelists reacted to the patch tests. 
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Table 5. Diagnostic test materials and percentage positive reactions (from Suskind 1992) 


Sample 


Substance 


Positive reactions (%) 


A 


5 % ^/-Hydroxycitronellal in 3 : 1 
ethanobdiethyl phthalate 


34 


B 


3 : 1 Ethanohdiethyl phthalate 


6 


C 


5 % /-Hydroxycitronellal in 3 : 1 
ethanohdiethyl phthalate 


26 


D 


Distilled water 


3 


E 


5 % d-hydroxycitronellal in 3 : 1 
ethanohdiethyl phthalate 


40 


F 


9 % Parfum du Rhone without 
hydroxycitronellal in 3 : 1 ethanol: diethylphthalate 


9 



After reviewing all of the data, the RIFM Expert Panel was of the opinion 
that additional studies for the safety of hydroxycitronellal were not indicated. 
One percent hydroxycitronellal is not likely to induce allergic sensitization in 
humans with repeated exposure. In other words, the risk is minimal. However, 
if a person is already sensitized, they do run the risk of developing clinical all- 
ergic reactions to concentrations as low as 0.05% in a cologne. It appears from 
the recent studies that there is little risk for person already sensitized reacting 
to concentrations of 0.05% in a bar soap or 0.03% in a moisturizing lotion. 

What have we learned? The story of hydroxycitronellal indicates that, for an 
important fragrance, in-depth studies involving safety appraisals are impera- 
tive. Depending upon the circumstances of the evaluation (type of panels, qua- 
lity of the studies, etc.), one can, as in the case of hydroxycitronellal, get mixed 
and even contradictory results. For hydroxycitronellal a careful review and 
interpretation of the enormous database provides a no effect level for induc- 
tion of allergic skin sensitization as well as safe use levels in lotions and soaps 
for person already sensitized. 
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The Value of Animal Assays and the Quenching 
Phenomenon 

D. Basketter 



Introduction 

In the absence of in vitro models for the identification of skin sensitizers and 
for estimation of their potency, animal models still provide the foundation for 
risk assessment in this area of toxicology. In this chapter, the most commonly 
used models are briefly described, particularly with respect to their use in 
defining the potency of a particular skin sensitizer. The important points are 
demonstrated by a consideration of sensitizing fragrance ingredients and the 
quenching phenomenon. 

Animal Tests for Skin Sensitization 

Guinea Pig 

For many years, the guinea pig has been the species of choice for the conduct 
of predictive skin sensitization tests. The principles of the methods and details 
of their conduct have been extensively reviewed (Maurer 1983; Andersen and 
Maibach 1985; Botham et al. 1991; Basketter 1994). Almost without exception 
the methods use the same approach, attempted induction of sensitization by 
injection and/or topical application of the test substance, followed, after a rest 
period, by challenge to elicit evidence of skin sensitization. The presence of 
skin sensitization is judged by the subjective assessment of the skin reaction, 
primarily erythema. The most commonly used protocols are the occluded 
application test of Buehler (Buehler 1965; Ritz and Buehler 1985) and the 
maximization test (Magnusson and Kligman 1970). The efficiency of these 
methods for the detection of known skin sensitizers has been extensively 
documented (Wahlberg and Boman 1985; Basketter and Chamberlain 1995; 
Basketter and Gerberick 1996). On this basis, it is reasonable to assume that 
they will also be able to serve as appropriate assays for the predictive identifi- 
cation of the sensitization potential of novel substances or combinations of 
substances (preparations). Consequently, the methods are recommended in 
various regulatory guidelines (EC 1992; OECD 1993). However, it is important 




The Value of Animal Assays and the Quenching Phenomenon 1 67 



to point out that the methods are far from standardized and have been re- 
ported to give quite variable results (Robinson et al. 1990; Botham et al. 1991). 
Careful interpretation of data and use of controls is thus essential. 

Mouse 

The last decade has seen the development of the mouse as an alternative to the 
guinea pig as the species of choice for predictive skin sensitization tests. This 
has been due largely to the development of the local lymph node assay (LLNA; 
Kimber and Weisenberger 1989; Kimber and Basketter 1992). The method 
measures cell proliferation in lymph nodes draining the skin site to which 
a test substance has been applied; details of the standard procedure are given 
elsewhere (Kimber and Basketter 1992). The ability of the LLNA to detect 
skin sensitizers has been extensively reported (reviewed in Kimber et al. 1994; 
Basketter et al. 1996) and it has undergone full international validation 
(Chamberlain and Basketter 1996). 

The LLNA offers a number of animal welfare advantages over the guinea pig 
methods, notably in reduction of animal numbers and in the refinement of 
their use (Basketter et al. 1996). Furthermore, it provides an objective quanti- 
tative endpoint which is unaffected by coloured test substances. Importantly, 
it does not suffer from the substantial interlaboratory variability reported for 
the guinea pig methods, giving highly reproducible results both intra- and 
interlaboratory (Scholes et al. 1992; Kimber et al. 1995; Loveless et al. 1996). 
However, as the guinea pig methods, it is not a perfect assay: It can be less 
sensitive, certainly than the guinea pig maximization test, although this is not 
necessarily a disadvantage (Basketter et al. 1992). Also, as the guinea pig 
methods, it can yield false positive results (Montelius et al. 1995; Kligman and 
Basketter 1995; Loveless et al. 1996; Buehler 1996). The important consequence 
for all types of predictive skin sensitization assays is that the results require 
careful, scientific interpretation in the light of all available data (Kligman and 
Basketter 1995; Frankild et al. 1996; Basketter et al. 1996). 

Test Results and the Estimation of Sensitizing Potency 

In the initial evaluation, results from both guinea pig tests and the LLNA pro- 
vide binary data, i.e. the test substance is, or is not, a skin sensitizer. This for 
example is essentially how the data are interpreted by European LFnion (ELF) 
legislation (EC 1992). Interpretation of guinea pig data usually refers to the 
proportion of the test group that are judged to be sensitized when their skin 
reactions are compared to those of a sham-treated control group. In the EU 
a response rate of 30 % in the maximization test or 15 % in the Buehler test trig- 
gers classification as a skin sensitizer (EC 1993). In this context, the prediction 
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model for the LLNA is that stimulation of proliferation in relation to controls 
of 3, together with a data which is not incompatible with a biological dose 
response, indicates the substance should be regarded as a skin sensitizer. 

In any of these test types, the test concentrations and intensity of the posi- 
tive response are not taken into account. Thus, neither of the above systems 
gives any idea of the relative potency of the skin sensitizer, which is a vital 
piece of information for safety assessment and risk management. Sensitizers 
of almost all potencies can be, and indeed are, used extensively without any 
significant adverse effects, but this relies absolutely on proper risk assessment 
(Basketter et al. 1996b). So how can these predictive models and the data they 
produce be used to assess skin sensitizing potency? 

The guinea pig maximization test does not easily lend itself to the estima- 
tion of skin sensitizing potency; the use of Freund’s complete adjuvant and 
intradermal injections coupled with test concentration selection which is 
based on the irritancy potential of the test substance are major complicating 
factors. The variety of vehicle(s) used and the absence, normally, of any dose 
response information create additional difficulties. Some of these problems 
arise also with the Buehler test. For both test types there is also the little in- 
vestigated matter of interspecies differences. This whole subject has been 
extensively reviewed recently (Basketter et al. 1997). Nevertheless, the guinea 
pig maximization test and Buehler method have been used for more than two 
decades to assess inherent contact sensitizing potency. When properly con- 
ducted and interpreted, these tests have demonstrated the ability to detect 
chemicals with moderate to strong sensitization potential as well as those with 
relatively weak sensitization potential (Wahlberg and Boman 1985; Robinson 
et al. 1990; Botham et al. 1991; Basketter and Gerberick 1996). In practice they 
can address questions of sensitization potency and the data from such 
methods can be used in the development of a comparative risk assessment 
(Basketter et al. 1996b). 

The process of risk assessment mentioned above compares the results 
obtained with an unknown material to those within a database of results of 
known contact allergens and nonallergens. Such an approach can be adopted 
only where the sensitivity and consistency of the sensitization method at the 
testing institution are well known and properly understood. The data must of 
course be interpreted in the context of the test concentrations, vehicles and the 
incidence and intensity of any sensitization reactions. Thus, it would be advis- 
able to compare substances tested under similar conditions; for example, hexyl 
cinnamic aldehyde in the GPMT usually gives a result of about 70% positive, 
whereas at broadly similar test concentrations eugenol is hard to detect as 
a sensitizer, the usual rate of positives being 10 %. So, eugenol might be regarded 
as distinctly less potent than hexyl cinnamic aldehyde in the GPMT, but with- 
out dose response data, it is difficult to quantify this difference. Furthermore, 




The Value of Animal Assays and the Quenching Phenomenon 1 69 



the injection of test substances in the GPMT means that the skin barrier is 
bypassed and differences in rates of skin penetration will have much less 
impact. This could lead to significantly misleading views on the relative 
potency of skin sensitizers. 

This process of risk assessment is far from transparent to the outside ob- 
server and historically has proven subject to error (e.g. with certain preser- 
vatives). Thus one of the aspects of the LLNA that makes it particularly attrac- 
tive as an alternative to the commonly employed guinea pig models is that 
it offers the prospect of a more soundly based assessment of sensitizing poten- 
cy, although of course there is still the matter of interspecies differences. In 
recent intra and interlaboratory studies, the LLNA dose response data has 
been used in a novel way (Botham et al. 1991; Basketter et al. 1992; Kimber et 
al. 1995; Loveless et al. 1996). The data was plotted to enable determination of 
the concentration of test substance which would give a threshold sensitization 
response in the LLNA, the EC3. This value can then be regarded as an index 
of relative sensitizing potency. A more detailed review of this is given in 
recent papers describing the use of the LLNA in risk assessment (Kimber and 
Basketter 1996; Basketter 1997). 

For the purposes of demonstration. Table 1 contains the calculated values 
derived for a number of known sensitizing perfume ingredients. Such data 
could form an important part of a structured and defensible approach to the 



Table 1. Threshold concentrations in the LLNA for a range of sensitizing fragrance 
chemicals 



Chemical 


Threshold 

LLNA 

concentration^ 


Reference to 

original 

publication 


IFRA restriction 
related to contact 
sensitization 


Cinnamic aldehyde 


2.0% 


Data from Table 3 


Must be quenched 


Citral 


13% 


Data from Table 3 


Must be quenched 


Dimethylisophthalate 


NS^ 


Basketter and 
Scholes 1992 


None 


Eugenol 


14.5% 


Loveless et al. 1996 


None 


Geraniol 


NS 


Basketter et al. 1996 


None 


Hexylcinnamic aldehyde 


7.6% 


Loveless et al. 1996 


None 


Hydroxycitronellal 


20% 


Basketter and 
Scholes 1992 


1 % limit in product 


Iso eugenol 


3.3% 


Loveless et al. 1996 


0.2% limit in product 


6-Methyl coumarin 


NS 


Basketter et al. 1993 


None^ 


Musk ambrette 


8.5% 


Unpublished data 
from 4 studies 


None^ 



^ Concentration (%) required to give a stimulation index of 3. 
^ Not a sensitizer in the LLNA. 

IFRA has banned these due to their photoallergic properties. 
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definition of acceptable exposure limits for sensitizing fragrance ingredients. 
In particular it is noteworthy that generally those chemicals with the lowest 
EC3 values are the ones which have IFRA restrictions. Furthermore, compari- 
son of the figures for example for eugenol and isoeugenol clearly reflects the 
known human potencies of these fragrance materials. In human predictive 
sensitization tests, eugenol is a weaker sensitizer than isoeugenol (Marzulli 
and Maibach 1980) and this is borne out by clinical evidence (Johansen 
and Menne 1995). The rankings do not necessarily reflect elicitation dose 
response profiles in sensitized individuals though. For example, the elicitation 
threshold for isoeugenol is <0.02%, whereas for cinnamic aldehyde it is 
around 0.1 % (Basketter and Allenby 1991; Johansen et al. 1996). The LLNA EC3 
suggest the opposite order of potency, cinammic aldehyde > isoeugenol, a 
result which is in line with the evidence from human predictive tests (reviewed 
in Basketter 1997). 

As expected, none of the weakest or nonsensitizing fragrance materials have 
IFRA restrictions. However, it is interesting to note that in the middle ground, 
some have limits (hydroxycitronellal), whilst others do not. It is tempting to 
speculate that this difference has arisen as a result of levels and extent of use 
of these fragrance materials in skin contact products. For example, citral is 
clearly a skin sensitizer (Basketter and Scholes 1992), but is rarely a cause of 
ACD perhaps simply because skin contact is fairly limited. 

The Impact of Quenching Agents on Potency Estimations 

A number of sensitizing fragrance chemicals have been reported to be 
“quenched” when skin contact occurs in the simultaneous presence of certain 
other fragrance materials (Opdyke 1976). For example, in predictive human 
skin sensitization testing, cinnamic aldehyde did not cause sensitization when 
in the presence of an equivalent amount of eugenol; citral did not cause sensi- 
tization when in the presence of limonene. Whilst there has been support for 
quenching phenomenon (Fisher and Dooms-Goossens 1976; Hanau et al. 
1983), investigation of cinnamic aldehyde quenching by eugenol at the elicita- 
tion phase of allergic contact dermatitis in man was unsuccessful; only inhibi- 
tion of nonimmunologicalurticarial reactions was demonstrated (Safford et 
al. 1990; Basketter and Allenby 1991). 

This phenomenon of quenching provides an interesting opportunity to 
examine the evaluation of potency in various animals models and to see how 
this adds to the existing data. The results of investigations in guinea pig 
models have been reported (Basketter and Allenby 1991). The essential data 
from the GPMT and Buehler tests are reproduced in Table 2. In the GPMT, 
cinnamic aldehyde gave a 100% positive response with a mean erythema 
score of 2.2 (scale 0 - 3). When the test was conducted with identical concen- 
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Table 2. Studies of the quenching phenomenon in the guinea pig: percentage of the test 
group with a positive sensitization reaction and mean erythema score of the positive reac- 
tions (simplified from Basketter and Allenby 1991) 


Test type and substance 


Results 






% positive 


Erythema score 


GPMT, cinnamic aldehyde 


100% 


2.2 


GPMT, cinnamic aldehyde -l- eugenol 


100% 


2.0 


GPMT, citral 


70% 


1.2 


GPMT, citral + limonene 


90% 


1.6 


Buehler test, cinnamic aldehyde 


40% 


0.9 


Buehler test, cinnamic aldehyde + eugenol 


30% 


0.8 



trations of cinnamic aldehyde, but in the presence of an equal amount of 
eugenol, the response rate was still 100%, with a mean erythema score of 2.0. 
Whilst there is no dose response data, either from the induction or challenge 
phase, the similarity of the results, which are sub-maximal and therefore ‘‘on 
scale”, provides no evidence for the quenching effect of eugenol. GPMT data 
for citral and citral/limonene also provided no evidence for quenching. 
Buehler tests carried out following the same principles led to a broadly simi- 
lar conclusion; there was a 40% positive response with a mean erythema 
score of 0.9 to cinnamic aldehyde alone, and a 30% positive response with 
a mean erythema score of 0.8 to cinnamic aldehyde in the presence of eugenol. 

As mentioned, none of the guinea pig data included dose response evalua- 
tions. Thus it is of particular interest to see whether quenching can be demon- 
strated in the LLNA, a predictive model which includes dose response data as 
a routine and from which the estimations of relative sensitizing potency appe- 
ar to be meaningful (Kimber and Dearman 1991; Botham et al. 1991; Basketter 
et al. 1992; Kimber et al. 1995; Basketter and Chamberlain 1995; Loveless et al. 



Table 3. Studies of the quenching phenomenon in the murine LLNA 



Test substance 


Test 

concentrations 

(%) 


Stimulation 

indices 


Threshold 

concentration 

(%) 


Cinnamic aldehyde 


1.0, 2.5, 5.0 


2.2, 4.3, 4.8 


2.0 


Cinnamic aldehyde + eugenol (2.5%) 


1.0, 2.5, 5.0 


1.7, 3.6, 5.8^ 


2.1 


Citral 


5.0,10.0,25.0 


1.2,2.16.3 


13 


Citral + limonene (2.5%) 


5.0,10.0,25.0 


2.0, 3.1, 5.0 


13 



Calculated after making allowance for the small contribution made by the quenching 
agent. 
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1996). The results of these investigations are presented in Table 3. In this case, 
the absence of the challenge phase necessitates a different approach, that of 
testing the sensitizing fragrance ingredient in the presence of a constant con- 
centration of the quenching agent. The threshold concentration can then be 
determined and any shift in value caused by quenching can be quantified. 
Again, the quenching phenomenon could not be demonstrated; the dose res- 
ponses are very similar in the presence and absence of the quenching agent. 
The EC 3 values derived by regression analysis were essentially identical. 

Conclusions 

Skin sensitization is unfortunately an fairly common phenomenon and once 
an individual is sensitized, the only sure way to eliminate the risk of allergic 
dermatitis is avoid contact with the causative allergen. It is the job of the toxi- 
cologist/safety evaluator to identify skin sensitizers and to define their safe use 
conditions; sensitizers cannot be banned - they represent a wide range of 
valuable chemicals. Indeed, probably the majority of small organic chemicals 
are sensitizers to some degree. When a skin sensitizer has been identified, the 
safety assessment depends heavily on an understanding of the degree of 
hazard present, the sensitizing potency. Traditional methods have served 
quite well for many years, but their use in determination of sensitizing 
potency is problematic. A new method, the LLNA offers an opportunity to 
define potency quantitatively in terms of the threshold concentration required 
to induce skin sensitization in the mouse. Such information cannot be direct- 
ly translated to man, but does give a quantitative view of the relative sensi- 
tizing ability of chemicals. 

The data presented herein give only a limited picture; they point to the need 
to assess a wider range of skin sensitizers whose ability to sensitize humans is 
well understood. The prize would be a much sounder assessment of sensitiza- 
tion potency offering the opportunity to more robust risk assessments and the 
consequent reduction in the incidence of allergic contact dermatitis. 
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In Vitro Phototoxicity Tests for Fragrances 
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Introduction 

Certain chemicals cause skin photoirritation or photoallergy. They include 
drugs (e.g. tetracyclines, 4-quinolones, nonsteroidal anti-inflammatories), 
skin germicides (e. g. tetrachlorosalicylanilide, bithionol), and tar ingredients 
(e.g. anthracene, acridine). Examples of fragrance materials causing such 
reactions include oil of Bergamot, which causes photoirritation via its content 
of a furocoumarin, 5-methoxypsoralen (Marzulli and Maibach 1970; Zaynoun 
1978; Zaynoun et al. 1981). The oil is usually treated, prior to use in perfumery, 
to remove the furocoumarin which abolishes the photoirritancy (Forbes et al. 

1977) . Two ingredients which have been reported to cause photoaUergy are 
musk ambrette and 6-methylcoumarin. Musk ambrette was used for many 
years at low levels in perfumes with no overt evidence of adverse reaction. But 
when it was introduced into after-shaves at high levels (1.5% in the product) 
clinical problems became evident (Raugi et al. 1979; Wojnarowska and Calnan 
1986). Concentration of musk ambrette may not entirely account for the prob- 
lems because other significant risk factors maybe application to skin which is 
freshly shaved, relatively permeable and fully exposed to light. The number of 
people affected was not large and musk ambrette would not be regarded as 
a potent photoallergen for man. Nonetheless it is clearly unsuitable for un- 
restricted use in products applied to exposed areas of skin. The International 
Fragrance Association (IFRA) has recommended that musk ambrette should 
not be used as a fragrance ingredient (IFRA 1994). 

6-Methylcoumarin was reported to cause photodermatitis in consumers 
following its inclusion in sunscreen products at levels regarded as high - up to 
0.2% in the product (Kaidbey and Kligman 1978). The incident caused the 
Food and Drug Administration of the United States to request product with- 
drawal (Eiermann 1980). Use is again restricted by IFRA guidelines (IFRA 

1978) . 

A consequence of the above is that fragrance materials should be assessed 
for adverse photoirritant and photoallergic potential. 
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Regulatory Guidelines 

There are at present no regulatory guidelines for phototoxicity testing al- 
though a protocol for photoirritation testing in vivo has been submitted to the 
OECD (Nilsson et al. 1993). The European Cosmetic Toiletry and Perfumery 
Association (COLIPA) intend to submit to the OECD a validated in vitro cell- 
culture phototoxicity test guideline. The Scientific Committee for Cosmetol- 
ogy of the European Community has required sunscreen actives to be tested 
for phototoxicity (Loprieno 1992). In the absence of regulatory guidelines 
literature methods should be used. These are discussed below. 

Safety Testing In Vitro 

Safety tests for photoirritancy and photoallergy historically have used animal 
models but their use for testing purposes raises ethical issues. Legislation, 
notably in Europe, and public opinion has provided pressure to refine, reduce 
and replace animal testing. In addition, developments in cell culture and bio- 
analytical techniques have stimulated renewed interest in the use of in vitro 
methods for safety hazard evaluation. In vitro models for phototoxicity have 
been reviewed (Arlett et al. 1995; Johnson et al. 1986; Lovell 1994; Spielmann et 
al. 1994 a) including mechanistic testing for photoallergy (Pendlington and 
Barratt 1990; Lovell 1993). A sequential approach to testing should be adopted. 

Light absorption is essential for phototoxicity and as a first step in the 
testing process UV/visible absorption spectroscopy should be used, with care, 
as a preliminary screen (Lovell 1993). If the substance does not significantly 
absorb sunlight then it maybe set aside as having no priority for phototoxicity 
testing. Absorbing substances (e.g. Fig. 1) should be tested further using in 
vitro techniques. 

In vitro models for phototoxicity include yeast, erythrocytes, primary and 
cultured cells, and chemical substrates (Johnson et al. 1986). The yeast growth 
inhibition test has been used successfully to test perfume ingredients (Bagley 
et al. 1988; Weinberg and Springer 1981) but other workers, testing a variety of 
plant materials and drugs, have reported a high incidence of false-negative 
results (Johnson et al. 1986). The erythrocyte is useful for the study of cell 
membrane phototoxicity, but having no nucleus is negative to furocoumarins. 
It tends to be complementary to the yeast test but there are known phototoxic 
drugs which are negative in both systems. Use of a measure of haemoglobin 
photooxidation, in addition to haemolysis, can broaden the usefulness of the 
erythrocyte model (Pape et al. 1993). 

Chemical tests include the use of histidine as a substrate for photooxidation 
(Johnson et al. 1986). Organic solvents maybe used to ensure solubility of lipo- 
philic materials, and photochemical efficiency may be computed (Lovell and 
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Fig.1. Ultraviolet absorption spectrum of musk ambrette. The absorption spectrum of 
musk ambrette (0.004% w/v in ethanol) has a peak at 265 nm which is beyond the limit of 
sunlight. However the absorption edge extends past 300 nm into the sunHght region. 
Hence the substance absorbs sunlight and should be tested 



Sanders 1990). Histidine is likely to react via the singlet oxygen pathway under 
most conditions and, for example, the test can usefully aid interpretation of 
the photobinding test or help in the prediction of phototoxic potency (see 
below). Histidine photooxidation may be assumed to parallel photohaemoly- 
sis but while some photohaemolytic substances photooxidize histidine others 
do not (Johnson et al. 1986). Two drugs, phototoxic in vivo, have been report- 
ed to photooxidize histidine without being photohaemolytic (Ferguson and 
Johnson 1993). Such differences may be ascribable to solubility properties of 
the phototoxin which affect localization rather than photochemical factors. 

Primary lymphocytes have been used for phototoxicity testing (Morison et 
al. 1982). Variability of response is problematic and necessitates positive and 
negative controls concurrent with the test substance, but the majority of 
phototoxins tested were found positive (Johnson et al. 1986). 

Cultured mammalian cell lines have been subject to relatively few studies of 
their utility for screening purposes (Duffy et al. 1987; Lasarow et al. 1992; Lock 
and Friend 1986; Maier et al. 1991). A 3T3 mouse fibroblast model has been 
developed and validated for toxicological purposes in a joint project of the 
European Union and the European Cosmetic Toiletry and Perfumery Associa- 
tion (EU/COLIPA; Spielmann et al. 1994b 1996). The model has been studied 
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in a ring-test of 30 substances by nine laboratories. Statistical analysis of the 
results demonstrated that the test provided excellent and robust predictions of 
in vivo phototoxic potential. A possible drawback of the cell culture approach 
is that the cells must exist in aqueous media and that many phototoxins are 
hydrophobic. The 3T3 assay, however, performed remarkably well with hydro- 
phobic materials and even oil of Bergamot was found phototoxic by most of 
the participating laboratories. 

An alternative screening system used a skin equivalent, Skin^. The model 
had dermal, epidermal and corneal layers and could be used to test both 
aqueous and lipid-soluble substances. The model gave generally good results 
in phototoxicity testing but a sample of oil of Bergamot was negative, perhaps 
because a relatively low concentration was tested (Liebsch et al. 1994, 1996). 

The 3T3 cell culture model, as with other screening tests, was designed to 
predict phototoxic potential. In vitro tests can provide potency information. 
Five in vitro models were used to study the phototoxicity of the fluoroquino- 
lone antibiotics norfloxacin and ciprofloxacin in relation to the activity of the 
related drug nalidixic acid (Ferguson and Johnson 1993). The yeast and 
erythrocyte models showed negative results with norfloxacin and ciproflox- 
acin compared with positive results using nalidixic acid. Histidine photooxi- 
dation, the lymphocyte test and a macrophage model demonstrated lesser 
activity of norfloxacin and ciprofloxacin compared with nalidixic acid. The 
prediction from the in vitro tests, that norfloxacin and ciprofloxacin are likely 
to be much less phototoxic for man than nalidixic acid, was born out by 
controlled clinical tests. The use of in vitro tests to predict potency deserves 
greater attention and development. 

Photoallergy is considered to be a delayed-type hypersensitivity reaction 
mediated by the formation of a test substance-protein photoconjugate. In vitro 
photobinding of test substance to human serum albumin has been proposed 
as a screening test for photoallergens (Barratt and Brown 1985; Pendlington 
and Barratt 1990; Lovell 1993). All known photoallergens which have been 
tested show photobinding to HS A. Thus the level of false-negative results from 
this test is expected to be low. Chemicals which are not phototoxic have been 
negative in this assay. Some photoirritants, however, have given false-positive 
results in the standard photobinding test (e.g. by the photooxidation of tryp- 
tophan to UVA-absorbing products; such reaction cannot be discriminated 
from photobinding when UV absorbance is used to detect bound ligand). The 
histidine test for photooxidation proved useful in this regard since efficient 
photooxidation is a property of many photoirritants which allowed them to be 
discriminated from photoallergens. A test battery consisting of the photobin- 
ding and photooxidation models was useful both for the identification of pho- 
totoxicity (corroborating the 3T3 cell model) and for the discrimination of 
photoallergens from photoirritants (Lovell and Pendlington 1996). 
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Photomutagenicity testing has been required for sunscreen actives (Loprie- 
no 1992). Test protocols suitable for screening purposes have been considered 
and may commence using bacterial or yeast strains. Use of a single tester 
strain (Dean et al. 1991) or a limited number of strains (Chetelat et al. 1993 a) 
has been recommended. Other workers have recommended a more com- 
prehensive approach (Henderson et al. 1994). These tests could be followed 
where required by mammalian cell tests. Protocols using Chinese hamster 
ovary cells in chromosome aberration assays have been reported (Dean et al. 
1992; Chetelat et al. 1993b). 

Conclusions 

A sequential approach has long been adopted in photobiology with ultraviolet 
and visible absorption spectroscopy being used as a pre-screen prior to 
animal studies. Advances in science and technology now allow an extension of 
the in vitro approach. Cell culture or skin equivalent models can be used to 
screen substances which absorb sunlight for photobiological hazard. The 
photobinding test may be used to identify potential photoallergens, and 
protocols for photomutagenicity testing are available. These tests enable the 
predictive identification of photoirritant, photoallergenic and photogenotoxic 
fragrance materials. Thus substantial progress has been made in the achieve- 
ment of the 3R principles (reduction, refinement and replacement of animals). 
The major challenge of in vitro toxicology is now the development and 
validation of procedures to predict potency and estimate risk. 
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RIFM Activities in the Safety Assessment 
of the Dermal Effects of Fragrance Materials 
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RIFM Background 

RIFM Charter 

The Research Institute for Fragrance Materials (RIFM) was established thirty 
years ago, chartered as a nonprofit international organization to: 

- Gather and analyze available scientific data and other information on 
fragrance ingredients and to engage in a testing and evaluation program 
related to such materials. 

- Distribute descriptions and other information relating to the uniform stan- 
dards of testing and evaluation and the results thereof. 

- Cooperate with governmental agencies in connection with any testing or 
evaluation program related to the use of fragrance ingredients or end pro- 
ducts containing such ingredients. 

- Encourage members of RIFM and others to adopt and adhere to uniform 
standards in the testing and evaluation of fragrance ingredients. 

RIFM Expert Panel 

From its inception RIFM has accepted and discharged this responsibility 
utilizing expert and independent consultation in the form of an expert panel 
made up of toxicologists, pharmacologists and dermatologists from around 
the world. Requirements for becoming a member of this panel include not 
only an established reputation in a relevant field of expertise, but also an inde- 
pendence of the fragrance industry demonstrated by having no connection to 
a fragrance or cosmetic manufacturer. This panel serves as the ultimate scien- 
tific authority of RIFM and directs all of the testing and evaluation undertaken 
by RIFM. The current members of the Panel are: 

- Dr. Donald Birmingham, Wayne State University Medical School 

- Dr. Adrianne Rogers, Boston University School of Medicine 

- Dr. David Bickers, Columbia-Presbyterian Medical Center 
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- Dr. I. Glen Sipes, University of Arizona 

- Dr. Helmut Greim, GSF Forschungszentrum fur Umwelt und Gesundheit 

- Dr. Robert Smith, Imperial College, University of London 

- Dr. John Hanifin, Oregon Health Sciences 

- Dr. Raymond Suskind, University of Cincinnati 

- Dr. Paul Newberne, Boston University School of Medicine 

~ Dr. Kunihiko Yoshikawa, Osaka University School of Medicine 

Early Days at RIFM 

In the early days of RIFM, these experts focused on the obvious target organ, 
the skin. As such, they designed a program to assure the existence of a basic 
battery of tests on all fragrance ingredients in common use in other than 
trivial quantities. This battery consisted of at least skin irritation and sensi- 
tization testing and, as a screen for systemic toxicity, oral and dermal limit 
tests (generally at 5 g/kg) or LD50 tests. To round out the basic battery, where 
the chemical nature of the ingredient indicated, phototoxicity and photosen- 
sitization tests were conducted. Over the years RIFM has subjected about 1300 
substances to this battery resulting in recommendations by the International 
Fragrance Association (IFRA) for the restriction of use level, prohibition of 
use or use only with certain specifications of approximately 70 fragrance 
ingredients (see the chapter by F. Grundschober, this volume). 

In keeping with the purpose of RIFM, the results of our testing along with 
other available data were published in the peer reviewed journal. Food and 
Chemical Toxicology, where we have published approximately 1200 mono- 
graphs on fragrance ingredients. We fully recognize that many of these mono- 
graphs are very badly out of date and we are currently designing a program to 
review and update all of these along with reviewing and evaluating the addi- 
tional approximately 1400 materials on the European Fragrance inventory. 
This formidable job will take several years to complete and will be directed by 
a priority scheme based on the principles mentioned by E. A. Pfitzer (see his 
chapter, this volume). 

In the late 1970s the RIFM experts recognized the growing evidence that 
materials applied to the skin may be absorbed and available systemically. 
RIFM then expanded its program to include research and testing for dermal 
absorption and possible systemic effects on selected fragrance ingredients 
chosen by priority determined by consideration of structure, exposure and 
available data either from the literature or from the test programs of member 
companies. Some of the results of this expanded program are discussed in 
more detail by Pfitzer (this volume). 

Over the approximately 30 years since its inception, RIFM has tested vir- 
tually all important fragrance materials in common use. (It has always been 
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the policy of RIFM that if a material is used only by one company, it is that 
company’s responsibility to see that the material is adequately tested and 
evaluated.) 

Originally RIFM used the Kligman (1966) human maximization test as 
a screening test for potential sensitization, generally using petrolatum as a 
solvent. A panel of industry experts was asked to determine the maximum use 
level in consumer products and then the material was tested at ten times this 
level. This was done for two purposes. First, it was considered a safety factor 
to allow for some uncertainty in the use levels reported by industry. Second, 
it tended to make the screening test more stringent since it was routinely 
conducted on only 25 volunteers. Although, it was well recognized that the 
severity of the maximization test provided a significant exaggeration in expo- 
sure because of the irritation required at the patch site and the fact that the 
material was applied under semi-occlusion. 

Current RIFM Activities Concerning Dermal Sensitization 

RIFM continues its program of testing and evaluating fragrance ingredients 
for irritation and sensitization potential with substances chosen based on 
3 criteria, increased use levels, reports from dermatologists and newly re- 
ported materials. In about 1985 RIFM switched from the maximization test to 
the modified (Draize 1959) Human Repeat Insult Patch Test (HRIPT) as 
a screening test for sensitization. This procedure involves treating volunteers 
with a 24-h patch on Mondays, Wednesdays and Fridays for a three week 
period followed by a 2-week rest period and then by a single 24-h challenge 
patch. Total occlusion is achieved by using a 25-mm Hill Top Chamber. 

While RIFM looks to the results from the human screening test for a final 
decision as to whether a fragrance material has the potential for induction of 
sensitization, materials are screened in a Buehler (1965) guinea pig sensitiza- 
tion test. This test, while not the most stringent, seems to predict the results in 
an HRIPT better than other protocols. It is important to note here that RIFM 
only screens fragrance materials for potential for induction of sensitization 
not for elicitation or cross reactions with other materials which may have 
caused sensitization. 

Considerable effort was put into deciding the most appropriate solvent to 
use. In brief, it was determined that 95% ethanol caused too many irritant 
reactions and sometimes resulted in what seemed to be sensitization to the 
alcohol. A solvent that was representative of actual use, 70 % ethanol, proved to 
be not very useful because many fragrance materials are not soluble enough to 
allow for solutions 10 times higher than reported use levels. In other words, it 
seems that many fragrance materials may, in some cases, be used at levels up 
to close to their limit of solubility. The ideal solvent in many cases has turned 
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out to be 75 % ethanol, to represent commercial use with 25 % diethyl phthalate, 
to simulate the rest of the perfume compound and to increase solubility. In 
some cases where high concentrations are required pure diethyl phthalate is 
used to prevent irritation and increase solubility. 

Of course, whatever solvent is used, it is included in the challenge patching 
as a control. Likewise, RIFM always includes a negative control, in most cases 
ethylene brassylate. 

While RIFM has screened all of the large volume fragrance ingredients 
in general use, the sensitization studies continue with substances chosen as 
follows. 

When data become available that the use levels in consumer products have 
increased since the original screening test, a review of the material is under- 
taken by the expert panel. After consideration of the available data from the 
original studies and from any other sources, along with consideration of the 
chemical structure and current reported use levels, the panel decides whether 
additional testing is required. On this basis, dihydromyrcenol was chosen for 
further testing as described below. 

Of course, RIFM monitors the literature, especially reports by dermatolo- 
gists of diagnostic patch tests. While a few reports of isolated positive patch 
tests generally do not trigger action, as these reports become more common, 
the substance in question is again reviewed by the expert panel along with all 
other relevant data. It was this that triggered additional testing of a-amylcinnam- 
aldehyde and a-hexylcinnamaldehyde in 1976 and 1977. More recently, as 
described below, reported increased use levels triggered still more testing. 
Of course, in cases such as these where it is known that some potential for 
sensitization exists, tests are started at either a low concentration working up 
to the desired concentration or on a small panel gradually expanding to the 
desired size. These substances are tested on exclusive panels with no other 
substances other than the solvent and negative controls. 

RIFM also continues, although at a much slower pace than historically, to 
test newly reported materials and to work through the lesser used previously 
reported materials. In these cases, where there is no evidence of sensitization 
from other squrces, several substances, up to eight, may be tested simul- 
taneously on the same panel as long as these substances are not chemically 
related so as to decrease the likelihood of cross-reactions. 

Some examples of recent studies not previously reported, are as follows: 

Dihydromyrcenol 

Dihydromyrcenol was originally tested in a human maximization test at 4% in 
petrolatum with 0/25 reactions in an all male panel (Opdyke 1974a). This test 
level was based on a reported maximum use level in consumer products of 
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Table 1. Human repeat insult patch test: dihydromyrcenol 


Substance 


Test cone. 


Challenge results^ 


Dihydromyrcenol 


20.0% 


0/109 


Ethylene brassylate'^ 


10.0% 


0/109 


Diethyl phthalate 


100% 


0/109 



^ Induction and challenge concentrations were the same. 
^ Negative control. 

Solvent control. 



0.4% in a perfume. Over the years the use levels have increased to almost 10 
times that level. Although there was no evidence of problems with consumers, 
it was decided to test dihydromyrcenol at a higher level. An initial screen in 
a Buehler guinea pig test, gave no reactions when tested at 100% on 20 guinea 
pigs. RIFM has long had the principle of testing on humans only up to a maxi- 
mum of 20% and so this level was selected. An hIRPT at 20% caused no reac- 
tions in a panel of 109 (see Table 1). 

a-Substituted Cinnamaldehydes 

a-Amylcinnamaldehyde (ACA) and a-hexylcinnamaldehyde (HCA) are well 
known for their weak sensitization potential. ACA was originally tested in 
a human maximization test at 6% (Opdyke 1973). No reactions were seen in 
a panel of 25. HCA was originally tested at 12 % in a human maximization test 
based on reports of uses up to 1.2% in perfumes (Opdyke 1974b). Because of 
the appearance of reports from dermatologists of a significant number of 
patch test positives to these materials, RIFM, undertook to retest both mate- 
rials in human maximization tests. In these tests, ACA produced no reactions 
at 6% in petrolatum in three separate tests (Kligman 1973 a; Epstein 1977 a) on 
panels of 25, 25 and 21, respectively. Similarly HCA produced no reactions at 
12% in petrolatum in three separate tests (Kligman 1973b; Epstein 1977b) on 
panels of 25, 30 and 26, respectively. 

RIFM has recently become aware of significantly higher use levels for both 
HCA and ACA. Thus HRIPTs were undertaken on both materials at the maxi- 
mum RIFM level of 20%. Because of potential solubility and irritation pro- 
blems, the solvent chosen was diethyl phthalate. Consideration of the possi- 
bility of cross reactions led to decisions to test these materials on separate 
panels with only solvent control and ethylene brassylate as a negative control 
and to include a cross challenge patch with both materials. Because of the 
potential for sensitization at that level, testing was started on small separate 
panels of approximately 20. These were expanded first to approximately 50 
and finally to 95 after no reactions were seen (see Table 2). 
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Table 2. Human repeat insult patch test: a- 


-amylcinnamaldehyde and a-hexylcinnamaldehyde 


Substance 


Test cone. 


Challenge results 


a-Amylcinnamaldehyde (panel A) 


20% 


0/95 


a-Hexylcinnamaldehyde (panel B) 


20% 


0/95 


Ethylene brassylate^ 


10% 


0/95 


Diethyl phthalate'^ 


100% 


0/95 



^ Negative control. 
^ Solvent control. 



Thus, no sensitization induction potential under test conditions has been 
demonstrated to date for either HCA or ACA. While this appears to be in con- 
flict with the dermatologists reports of positive reactions to these materials, at 
least to HCA, several explanations can be hypothesized. 

It could be that sensitization arises from exposure to these materials from 
sources other than fragrance use. This seems unlikely since the only other uses 
known to RIFM are as flavor materials at very low levels, less than 20 ppm. 

It is possible, that the reactions seen are as a result of cross reactions, that 
is, the patients that reacted positively were actually sensitized to some other 
material. The most likely suspect would be cinnamaldehyde. However, this 
should have been detected by the dermatologists since cinnamaldehyde is also 
in the test tray. Furthermore, there was no evidence of cross sensitization with 
cinnamaldehyde in a limited study (Ishihara et al. 1981). 

The most likely explanation is that these materials are very weak sensitizers 
in humans and the predictive screening tests have not been sensitive enough 
to detect them. It is possible, that using an alcoholic, or at least the alcohol/DEP 
solvent mentioned above would enhance penetration to the point that some 
reaction would be seen. Also, testing at a level higher than 20% might have an 
effect. On the other hand, these tests indicate that induction of sensitization to 
these materials on humans does not occur readily. 

Low Volume and New Materials 

Of course, it is recognized that the approximately 1300 fragrance materials 
that RIFM has tested and evaluated over the years is only a portion of those 
materials in use in the industry. (The recently reported European indicative 
inventory lists approximately 2650 materials.) On the other hand, it has been 
reported to RIFM that most of the materials used by the industry are used in 
very small volumes with a resulting low exposure. While these materials are 
considered of relatively low priority, the RIFM program involves a review of all 
materials known to be in use and to develop test data as needed. 
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Table 3, Human repeat insult patch test: low volume and new materials 



Substance 


Test cone. 


Challenge results 


Bay oil, terpeneless 


3.0% 


0/99 


Labdanum resinoid 


4.0% 


0/99 


Methyl N-acetyl anthranilate 


0.4% 


0/99 


Olibanum oil 


9.0% 


0/99 


Rose crystals 


13.0% 


0/99 


Ethylene brassylate^ 


10% 


0/99 


Diethyl phthalate^ 


100% 


0/99 



^ Negative control. 
^ Solvent control. 



Additionally, the industry is continually developing new materials. The 
RIFM program also involves review and evaluation of such materials as they 
become into general use. It is generally expected, however, that the company 
that has developed such materials will provide the necessary test data for 
proper evaluation. 

Some results of the RIFM program of sensitization testing of low volume 
and newly developed materials are shown in Table 3. 

Future Activities 

As mentioned above, RIFM has undertaken a program to review and evaluate 
all of the fragrance materials on the European indicative inventory. This inclu- 
des all of the previously reviewed “RIFM materials” on which monographs 
have been published as well as the approximately 1400 additional materials 
not previously reported to be in general use. This huge task will be undertaken 
using a priority scheme which takes into consideration quantity used, use 
levels on the skin and consideration of structural alerts for dermal effects, 
systemic effects and genotoxicity/carcinogenicity potential. This task will 
require cooperation of the fragrance industry in supplying exposure data and, 
of course, any unpublished safety data they might have. 

The first phase of this project has already begun with a world wide survey 
of volume of usage of all materials on the inventory. In order to obtain the co- 
operation of industry, RIFM has agreed to keep the results of this survey con- 
fidential with composite data only made available on an as needed basis. 
However, these data will play a very important role in our priority setting. 

These data will be combined with level of use data, which the industry will 
be asked to supply, as well as a weighting based on chemical structure. After 
a material is chosen by the priority system, literature searches will be conducted 
and the industry solicited for any unpublished safety data. The RIFM expert 
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panel will then, in order of priority, undertake a review of each material to 
assure that adequate data are available to assess the safety under the condi- 
tions of use. The results of this review will, of course, be transmitted to IFRA 
for consideration of any possible action and will be published in the open lite- 
rature. 

The outcome of this project will be updated monographs as well as new 
monographs on those materials previously published. This should provide 
a necessary and comprehensive database for the safety evaluation of all com- 
monly used fragrance materials. 
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PartV 

The Producer's View 



The Producer's View: Do We Worry 
About Adverse Effects? 

R Cadby 



In answer to the question in the title: producers of fragrances are indeed con- 
cerned about the effects of their products. The association of allergic contact 
dermatitis with the use of fragrances gave the initial impetus to the founding 
of the Research Institute for Fragrance Materials (RIFM) as an independent 
research institute 30 years ago. It also led to the creation of the International 
Fragrance Association (IFRA) as an autoregulatory body which would imple- 
ment the findings of RIFM into clear guidelines on ingredient use. 

The main focus of this Institute has been on detecting unacceptably aller- 
genic fragrance ingredients. The real effectiveness of this programme may be 
questioned by some dermatologists today, but our industry’s concern has 
involved considerable expense. In today’s terms the cost of Just the derma- 
tological testing in this programme is well in excess of U.K. £8 million. The 
costs of running RIFM and maintaining a distinguished panel of experts is 
also far from negligible. 

As could be anticipated, the results of the tests have not been without con- 
sequence. RIFM findings have led to IFRA restrictions which have clearly 
caused great but necessary pain to perfumers by limiting their full creative 
scope. This has, we hope, all been in a good cause. 

It is an appropriate time to ask whether the approach of the fragrance in- 
dustry has been correct and effective. It has been based on detecting the pos- 
sible inducers of contact allergy using so-called predictive testing under maxi- 
mized conditions followed by the voluntary restriction of whatever showed 
allergenicitiy in these studies. Although our knowledge of the causes and con- 
trol of allergy is still in its infancy, IFRA has always attempted to base its 
Guidelines on sound science. 

The IFRA Guidelines will be constantly up-dated to take account of new fin- 
dings, and this demonstrates that the fragrance industry is most attentive to 
developments in clinical dermatology. 

By necessity, clinical dermatology approaches this problem from a different 
angle. Instead of examining the potential of substances to induce allergy, it is 
based on the detection and etiology of allergies which have already been 
acquired. As such, it relies on the elicitation of the allergy. The fragrance in- 
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dustry is clearly aware of the value of this approach. At the same time, the 
fragrance industry is highly concerned about the apparent discrepancies 
between the findings of the two approaches. RIFM has repeatedly investigated 
whether some frequent clinical elicitors such as geraniol and amylcinnamic 
aldehyde will induce allergy under its standard experimental conditions. 
Repeated insult patch tests on these substances using human volunteers failed 
to detect any allergenicity. As with most chemicals, they apparently have a 
finite potential to sensitize, but they do not seem to be as potent as some of the 
other fragrance ingredients restricted by IFRA such as citral and methyl 
octine carbonate which, on the other hand, do not seem to be frequent clinical 
elicitors. 

In some cases it is possible to determine with some degree of certainty the 
fragrance ingredient which is the causative agent for a specific case of allergy 
to a cosmetic product in a patient who is referred to a dermatological clinic. 
This usually involves patch testing to increasingly smaller fractions of in- 
criminated cosmetic product, and its component fragrance until only the 
causative agent gives a reaction. In an ideal world it would be possible to do 
this for all cases of allergy. If it could then be possible to refer back to each pa- 
tient’s apparent exposure to the causative agent and to the number of people 
exposed in the population at large, we could obtain good epidemiological evi- 
dence of the relative potency of different allergens. 

I have enjoyed collaborating with dermatologists in breaking fragrances 
down in this way to find the ultimate causative allergen. We have had some 
very interesting successes over the past few years, with unexpected results. We 
do not, however, live in an ideal world, and in some cases our attempts to split 
a formula have led to more than one eliciting fraction. In other cases there has 
been no reaction to any of the fractions. More frequently still, the patient 
has been unwilling to continue patch testing. The fragrance industry is very 
conscious of the practical problems facing the clinical dermatologist. 

Lack of cooperation from the fragrance manufacturer should never be an 
obstacle. IFRA requires fragrance manufacturers to cooperate with derma- 
tologists. It also encourages dermatologists to report cases where fragrance 
manufacturers do not cooperate satisfactorily. IFRA encourages anyone to 
report cases of noncompliance to its Code of Practice. 

The fragrance industry is particularly interested in knowing what the 
true frequency of allergy to fragrances is and just how effective the IFRA 
Guidelines have been in reducing this. We would hope that it is decreasing in 
response to the implementation of the IFRA Guidelines. However, some clinical 
data indicates that this may not be the case (Johansen and Menne 1995). 

There have been a number of patch-test studies that have been carried 
out on the population at large. One study on nurses (Guin and Berry 1980), 
showed that almost 18% reacted to the Fragrance Mix. Another (Nielsen and 
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Menne 1992) gave a figure of 1.1%. Interviews with members of the popula- 
tion regarding past experience with perfume-sensitivity, indicate a higher 
frequency of 12.2% (De Groot 1988) and even 32% (Guin and Berry 1980). 
Numerous studies from dermatological clinics indicate that 4% -11% of pa- 
tients react to the Fragrance Mix (Frosch et al. 1995). An earlier and quite 
different North American study (Adams et al. 1985) showed that out of more 
than 280,000 patients examined, of which only 5.4% were diagnosed as having 
allergic contact dermatitis, only 5 1 patients (that is less than 0.02 %) reacted to 
specific individual fragrance ingredients whereas an equivalent number (67) 
reacted to unspecified fragrance. On this basis, our industry’s enthusiasm to 
participate in a complete survey of the frequency of fragrance sensitivity was 
dampened by an epidemiologist’s warning that an extemely large sample of 
the population would be needed for statistically meaningful results. 

It is difficult to interpret what these figures mean. By necessity, patch tests 
are performed on patients who are referred to dermatological clinics, and 
this in itself is a form of epidemiological ‘‘gerrymandering”. Although it is 
possible that this procedure concentrates potential sufferers from perfume 
allergy in an unquantifiable way, many sufferers from fragrance-allergy may 
never be referred to these clinics. The similarities between the frequency 
of reactions to the fragrance mix in healthy people, on the one hand, and in 
patients, on the other, is very surprising. 

The difference between the proportion of patients who react to the eight- 
component fragrance mix and those who reacted to individual fragrance 
ingredients, albeit in quite different studies in different continents, is also 
perplexing. There is probably substantial uncertainty over the clinical rele- 
vance of a positive patch test to the fragrance mix, and it is possible that 
the fragrance mix is some kind of fortuitous super-elicitor. It is difficult 
to know just how much cross-reactivity occurs from the real causative allergen 
to the fragrance mix or to its constituents if these are subsequently patch 
tested. 

On the other hand, however, it is also quite conceivable that these eight 
components do not adequately represent the thousands of chemical structures 
found in fragrances. The fragrance mix may consequently be missing cases 
of real fragrance sensitivity and leading to under-estimates of the true fre- 
quency of allergy to fragrance ingredients. 

All in all, perhaps the only thing we can be certain about here is the uncer- 
tainty associated with using clinical patch test data for statistical purposes. 
This, coupled with uncertainty over the clinical significance of each positive 
patch test, means that dermatologists, through no fault of their own, are 
dealing with a rather inadequate epidemiological instrument. It is difficult to 
exclude the possibility that fragrance sensitivity is in reality much lower or 
even much higher than the patch tests would indicate. It is therefore unlikely 
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that the frequency of reactions to the fragrance mix could detect any upward 
or downward trends of allergy to fragrance in general. 

This symposium represents a meeting of two quite different philosophical 
and experimental approaches. Our industry has focused its attention on re- 
ducing the causes of allergy in the not-yet-sensitized. Clinical dermatology 
has obviously concentrated on the elicitation of reactions in the already- 
sensitized. There is little doubt that most persons who suffer reactions to 
fragrances would consider irrelevant whether the original root cause of their 
allergy is responsible for their latest reaction. IFRA could possibly attribute 
more importance not only to the inducers but also to the most frequent eli- 
citors among cosmetics users. Before doing so we must be certain that we 
know what the main elicitors are. It is therefore necessary that the fragrance 
industry work even more closely with dermatologists to detect and quantify 
the relative importance of these eliciting fragrance ingredients. 

The fragrance industry is concerned about this problem and is willing 
to cooperate with dermatologists in this extremely complex and technically 
difficult area. 
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The IFRA Guidelines 

F. Grundschober 



The International Fragrance Association (IFRA) was created in 1973 to ensure 
the safe use of fragrance ingredients by establishing a system of self-regulation 
for the fragrance industry. The members of IFRA are the national associations 
of fragrance manufacturers from France, Germany, Italy, the Netherlands, 
Spain, Switzerland, the United Kingdom, Australia, Brazil, Canada, Japan, 
Mexico, Singapore and the United States. The member associations have 
adopted the IFRA Code of Practice and Guidelines (copies available at the 
IFRA, 8 rue Charles-Humbert, 1205 Geneva, Switzerland). The Code and the 
Guidelines are published in the format of a loose-leaf binder in English, 
French, and German and are regularly updated. The Guidelines and its amend- 
ments are also published in the journal Perfumer & Flavorist. 

IFRA collaborates closely with the Research Institute for Fragrance Ma- 
terials (RIFM). RIFM collects and generates data for risk analysis and risk 
assessment, whereas IFRA deals with risk management. It is the task of IFRA 
to translate the results of the safety evaluation made by RIFM into practical 
recommendations for perfumers and fragrance manufacturers. These recom- 
mendations are published as IFRA Guidelines. 

Fragrance manufacturers are members of their national association and 
they must follow the Code of Practice and Guidelines of IFRA. Adherence to 
the IFRA Guidelines is requested as a basis for commercial transactions 
between fragrance manufacturers and fragrance users. Fragrance manufac- 
turers also respect the restrictions for reasons of product liability. Many 
governmental authorities have recognized the IFRA Guidelines as valid expert 
opinion, and it is known that they control by analysis whether certain restric- 
tions of IFRA are indeed respected. 

The IFRA Code of Practice applies to the manufacturing and handling of 
all fragrance materials. The most important part of the Code is that dealing 
with the use of fragrance materials. Since thousands of different fragrance 
ingredients are used by the various manufacturers, a special system for their 
regulation has been implemented. All fragrance ingredients can be divided in 
two groups: (a) those which are in general use by the industry and (b) those 
which are only used by one manufacturer or which are newly introduced. 
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Fragrance ingredients in general use have been used for many years by 
several manufacturers. These materials therefore have in-use experience, 
and the low number of reported adverse reactions is an additional indica- 
tion of their safety. Since this would not be enough to assure their safe use, 
they have also been included in the continuing safety evaluation program of 
RIFM. 

Fragrance ingredients recently introduced by one manufacturer have no 
in-use experience. Since the identity of these substances is not always known 
and since they are marketed only by one manufacturer, it is not possible for 
RIFM to undertake their testing and their evaluation. These fragrance ingre- 
dients must satisfy standards established in Annex 1 of the IFRA Code, and 
the evaluation which has been made of their safety for the intended use is the 
responsibility of the manufacturer. 

IFRA requires that fragrance ingredients always conform to the relevant 
legislation and regulations of the countries in which they are to be used. Data 
enabling a proper evaluation to be made may be obtained from: (a) literature 
sources or available data bases, (b) information required for conformity to 
chemical or health and safety at work legislation, and (c) a consideration of 
structure-activity relationships based on known effects of other substances. 

If there is inadequate data from the above sources, a properly designed toxi- 
cological program should provide data on: (a) acute toxicity, (b) skin irrita- 
tion, (c) skin contact sensitization, and (d) phototoxicity and photosensitiza- 
tion, if the ingredient shows significant absorption in the UV region. 

Before embarking upon any toxicological programme consideration should 
always be given to the use of properly validated and accepted alternatives to 
animal experimentations. Systemic toxicity should be considered in relation 
to the quantities used and likely to enter the body. Possible environmental 
effects should be considered in relation to the quantities used and released 
into the environment. 

All the volumewise important fragrance ingredients have already been 
evaluated and most of them have been found suitable for use without restric- 
tions. Only a relatively small number has shown some adverse reactions. 
These materials have been included in IFRA Guidelines. 

The Guidelines of IFRA are elaborated in close cooperation by RIFM and 
IFRA and lead to recommendations made by the Technical Advisory Com- 
mittee (TAG) of IFRA. This Committee is composed of perfumers as well as 
technical and scientific experts nominated by the member associations. It 
represents the expertise of the fragrance industry worldwide. The recommen- 
dations of IFRA are based on scientific evidence, very often provided by RIFM 
as a result of its testing program, as well as additional data, for example, 
reports of dermatologists in the literature or unpublished data provided by 
manufacturers or users as a result of their research. All this information is 
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taken into consideration in formulating a new Guideline or amending an 
existing Guideline. 

Up to now 91 Guidelines have been published; 26 deal with natural mate- 
rials. An explanation is given for every recommendation. As can be expected 
for materials coming in contact with the skin, the most important reason for 
restrictions is skin sensitization, mentioned in 65 Guidelines, followed by 
14 cases of phototoxicity, 6 of photosensitization and 10 of systemic toxicity. 
Some materials show more than one of these adverse findings. 

The Guidelines contain recommendations either not to use an ingredient or 
to limit its use by a quantitative restriction. At present 35 ingredients should 
not be used and at least 16 other materials are not used (see 'Appendix 1”). An 
example of an ingredient that should not be used is musk ambrette. The use of 
12 phototoxic ingredients is limited (see “Appendix 1”); an example is berga- 
mot oil expressed. Twenty-eight fragrance ingredients showing a sensitizing 
potential are limited (see “Appendix 1”). Examples of restricted sensitizing 
ingredients are trans-2-hexenal and isoeugenol (see “Appendix 2”). 

Currently most restrictions in the IFRA Guidelines are the result of 
skin sensitization potential of individual ingredients. Fragrance ingredients 
are tested in a human repeat insult patch test (HRIPT) at ten times the use 
concentration in leave-on-skin products. If there is evidence of sensitization, 
the no-effect concentration for induction of sensitization is determined 
and one-tenth of the no-effect level is taken as the maximum permitted level 
in the IFRA Guideline. The decision on whether a substance should not be 
used or should be restricted depends on the scientific evidence as well as on 
its perfumery value and its olfactive potency. A powerful fragrance ingredient 
can be restricted to, for example, 0.01 % in a consumer product and may still 
have a useful function without presenting a health risk. A less powerful 
fragrance ingredient would be useless at such a level and can therefore no 
longer be used. 

Specific purity criteria or use instructions are recommended for 14 mate- 
rials. The use instructions may require the addition of antioxidants to prevent 
peroxide formation or the use of a material in the presence of other materials 
(see “Appendix 1”). Examples are the recommendations for Pinacea deriva- 
tives and for citral. Safrole, isosafrole, dihydrosafrole and cis- and frans-asarone 
are limited for reasons of systemic toxicity. 

The system of self-regulation based on the IFRA Guidelines has been well 
accepted by governments and by the customers of the fragrance industry. 
IFRA is also willing to make sure that the Guidelines are adapted to new 
evidence. A new provision of the Code of Practice is requesting fragrance 
manufacturers to cooperate closely with dermatologists. 

The formula of fragrance compounds is a valuable intellectual property of 
the fragrance manufacturers. They have invested time, effort, creativity and 
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the know-how of perfumers in a development which often cannot be protected 
by patents. This explains why manufacturers keep confidential the formulae 
of the perfumes. It is recognized by legislators that fragrance formulae need 
adequate protection. The label declaration “perfume” on finished cosmetic 
products has recently been endorsed by the European Union and will inform 
consumers about the presence of fragrances. 

There is, however, also a need for transparency and the last amendment of 
the European Cosmetics Directive requires the establishment of a fragrance 
inventory (European Commission 1996 a). It is recognized that this inventory 
is not exhaustive but is merely indicative of what the European fragrance indu- 
stry is currently using. The fragrance industry has submitted a draft inventory, 
comprising fragrance ingredients in the RIFM evaluation program as well as 
fragrance ingredients notified by manufacturers. The list has already been 
published in the Official Journal of the European Union (EU) (European 
Commission 1996b). The list has not the legal meaning of a positive list and 
fragrance ingredients used as captive materials are not necessarily listed. But 
it is certain that the inventory contains the great majority of fragrance in- 
gredients presently in use. 

According to the self-regulatory practice of the fragrance industry some 
kind of evaluation must be undertaken either by RIFM or by the manufac- 
turers. The basis for the RIFM evaluations are the data published in the RIFM 
monographs. The long-term aim should be to prepare a monograph for every 
fragrance ingredient in the inventory. This is a considerable task considering 
that over a thousand substances must be added to this program. 

This work has already started since IFRA invited fragrance manufacturers 
who have notified materials for the inventory to provide their safety data. 
RIFM will review these data, and inquires will be made to collect other 
safety-related information such as use levels and volume of use. The aim of 
the self-regulation of the fragrance industry is not to determine the poten- 
tial hazard of a fragrance ingredient but rather to find safe conditions for its 
use. 

The crucial question remains of whether any effects of this self-regulation 
can be seen in practice. Banning 35 fragrance materials and restricting the use 
of 54 materials which were in unrestricted use in cosmetics 20 years ago 
should have reduced the number of adverse reactions. During the same peri- 
od there was an increase in the use of consumer products containing fragran- 
ces. Additionally, the awareness of consumers and reporting by dermatologists 
increased. This makes it difficult to establish a clear relationship between 
cause and effect. 

At least one example has been reported in the literature (Schauder 1995) 
that cases of berloque dermatitis are markedly reduced or have even disap- 
peared in recent years. This is a clear result of the IFRA recommendation to 
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limit bergapten at 15 ppm in cosmetic products. The limitation of bergapten 
has no official regulatory status: nevertheless an effect has been seen, and it 
can be concluded that self-regulation works. 

The self-regulation of the fragrance industry must ensure the safe use of 
fragrance ingredients. IFRA and RIFM will continue their work and cooperate 
with authorities as well as with the medical profession. 

Appendix 1 

Fragrance Ingredients Not To Be Used (December 1995) 

- Acetyl ethyl tetramethyl tetralin 

- Acetyl isovaleryl 

- Allantroot oil 

- Anisylidene acetone 

- Benzylidene acetone 
~ p-terf-Butylphenol 

- Colophony 

- Costus root oil, absolute and concrete 

- Diethyl maleate 

- Dihydrocoumarin 

- 2,4-Dihydroxy-3-methyl-benzaldehyde 

- 4,6-Dimethyl-8-terf butyl coumarin 

- Dimethylcitraconate 

- Ethyl acrylate 

- Fig leaf absolute 

- trans-2-Heptenal 

- Hexahydrocoumarin 

- frans-2-Hexenal diethyl acetal 

- trans-2-Hexenal dimethyl acetal 

- Hydroabietyl alcohol 

- Hydroquinone monoethylether 

- Hydroquinone monomethylether 

- 6-Isopropyl-2-decalol 

- 7-Methoxycoumarin 

- a-Methylanisylidene acetone 

- 6-Methylcoumarin 

- 7-Methylcoumarin 

- Methyl crotonate 

- 4-Methyl-7-ethoxycoumarin 

- Musk ambrette 

- Nitrobenzene 

- Pentylidene cyclohexanone 
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- Pseudoionone 

- Pseudomethylionones 

- Verbena oil 

- Other materials not used as or in fragrance ingredients 
~ Allylisothiocyanate 

- Chenopodium oil 

- Cinnamylidene acetone 

- Ethylene glycol monoethyl ether and its acetate 

- Ethylene glycol monomethyl ether and its acetate 

- 3,7 -Dimethyl-2-octen- 1 -ol 

- Diphenylamine 

- Furfurylideneacetone 

- Methyl methacrylate 

- Phenylacetone 

~ Phenyl benzoate 

- Esters of 2-octynoic acid, except methyl and allyl heptine carbonate 

- Esters of 2-nonynoic acid, except methyl octine carbonate 

- Thea sinensis absolute 

Phototoxic Fragrance Ingredients, Use Limited (December 1995) 

- 5-Acetyl- 1,1,2,3,3,6-hexamethyl indan 

- Angelica root oil 

- Bergamot oil expressed 

- Bitter orange oil expressed 

- Citrus oils 

- Cumin oil 

- Grapefruit oil expressed 

- Lemon oil cold pressed 

- Lime oil expressed 

~ Marigold oil and absolute 

- Methyl iST-methyl anthranilate 

- Rue oil 

Fragrance Ingredients with Sensitizing Potential, Use Limited (December 1995) 

- Allyl heptine carbonate 

- Amyl cyclopentenone 

- p-tert-Butyl-dihydrocinnamaldeyde 

- Cassia oil 

- Cinnamic alcohol 

- Cinnamon bark oil, Ceylon 

- Cyclamen alcohol 

- trans-2-Hexenal 

- a-Hexylidene cyclopentanone 
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- Hydroxycitronellal 
~ Isocyclogeraniol 

- Isoeugenol 

- Menthadienyl formate 

- Methyl heptadienone 

- Methyl heptine carbonate 

- p-Methylhydrocinnamic aldehyde 

- 3 -Methyl-2 ( 3 ) -nonenenitrile 
~ Methyl octine carbonate 

- Oak moss extracts 

- l-Octen-2-yl acetate 

- Opoponax 

- Perilla aldehyde 
~ Peru balsam 

- Propylidene phthalide 

- Styrax 

- Tree moss extracts 

- l-(Trimethylcyclohexenyl/hexadienyl)-2-buten-l-ones (Rose ketones) 

- Verbena absolute 

Fragrance Ingredients with Specific Purity Criteria or Use Restrictions (Decem- 
ber 1995) 

- Acetylated Vetiver oil 

- Allyl esters 

- Cade oil 

- Carvone oxide 

- Cinnamic aldehyde 

- Cinnamic aldehyde-methyl anthranilate Schiff base 

- Citral 

- Farnesol 

- Limonene 

- Nootkatone 

- Phenylacetaldeyde 

- Pinacea derivatives 

- Savin oil 

- Sclareol 

Appendix 2 

Musk Ambrette, The Committee recommends that musk ambrette should not 
be used as fragrance ingredient. This recommendation is based on photo- 
sensitivity (Cronin 1984), neurotoxic effects (Spencer et al. 1984) and on accu- 
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mulated evidence that musk ambrette can penetrate human skin and is only 
slowly excreted (private communication to IFRA). (June 1981, last amendment 
July 1994; replacement sheet, December 1995) 

Bergamot Oil Expressed. The Committee recommends that for applications on 
areas of skin exposed to sunshine, excluding bath preparations, soaps and 
other products which are washed off the skin, bergamot oil expressed should 
not be used such that the level in the consumer product exceeds 0.4%. This 
is equivalent to 2% in a fragrance compound used at 20% in the consumer 
product (see remark on phototoxic ingredients in the “Introduction” and the 
Guideline on citrus oils). The Committee further recommends that for quali- 
ties of the expressed oil in which the less volatile components have been con- 
centrated by partial or total removal of the terpene fraction, this limit should 
be reduced in proportion to the degree of concentration. These recommen- 
dations are based on the published literature on the phototoxicity of this 
material, summarized by Opdyke 1973) and other investigations (Zaynoun et 
al. 1977). (October 1974; last amendment, June 1992) 

trans-2-Hexenal The Committee recommends that trans-2-hexenal should 
not be used such that the level in consumer products exceeds 0.002%. This is 
equivalent to 0.01% in a fragrance compound used at 20% in the consumer 
product. For use in consumer products for which no skin contact is foreseeable 
under normal conditions of use, for example, closed system air fresheners, 
toilet blocks but not rinse off products and household cleaning products, the 
Committee recommends that the level in the consumer product should not 
exceed 0.02 %. This recommendation is based on test results of RIFM showing 
sensitization reactions at 0.2% and no sensitization reaction when tested at 
0.02% (private communication to IFRA). (April 1989; last amendment, June 
1992) 

Isoeugenol. The Committee recommends that isoeugenol should not be used 
such that the level in consumer products exceeds 0.2%. This is equivalent to 
1 % in a fragrance compound used at 20% in the consumer product. For use in 
consumer products for which no skin contact in foreseeable under normal 
conditions of use, for example, closed system air fresheners, toilet blocks but 
not rinse off products and household cleaning products, the Committee 
recommends that the level in the consumer product should not exceed 0.5%. 
This recommendation is based on an evaluation of the test results of RIFM at 
8% and 10% showing the sensitizing potentials of the material, and many 
other RIFM and other data on consumer products, fragrances and the ma- 
terials itself at lower dosages (private communication to IFRA; Thompson et 
al. 1983). (May 1980; last amendment, June 1992) 
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Pinacea Derivates, The Committee recommends that essential oils (e.g. tur- 
pentine oil) and isolates (e.g. A^-carene) derived from the Pinacea family, 
including Pinus and Abies genera, should be used only when the level of per- 
oxides is kept to the lowest practicable level, for instance, by adding anti- 
oxidants at the time of production. Such products should have a peroxide 
value of less than 10 mmol/1, determined according to the EOA method. This 
recommendation is based on the published literature, mentioning sensitizing 
properties when containing peroxides (Opdyke 1973; Opdyke 1978; Opdyke 
1978). This Guideline does not permit the use of colophony. (May 1976; last 
amendment, July 1994) 

CitraL The Committee recommends the use of citral as a fragrance ingredient 
in conjunction with substances preventing sensitization, for example, 25% 
d-limonene, mixed citrus terpenes, and a-pinene. This recommendation is 
based on results showing sensitizing potential for the individual ingredient, 
but absence of sensitizing reactions in a number of compounds (private com- 
munication IFRA), with lemongrass oil as well as in mixtures of 80 parts of 
citral to 20 parts of d-limonene, or mixed citrus terpenes, or a-pinene. (Opdyke 
1976, 1979). (October 1975; replacement sheet, February 1980) 
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Fragrances and Environmental Issues: 

A Case Example of Environmental Risk Assessments 
of Ingredients 

W. DE Wolf and R J. Kloepper-Sams 



Introduction 

Fragrances are made up of many individual ingredients, each of which may 
have a range of differing physical and chemical properties. Indeed, it is this 
range that provides the creative perfumer with the ability to impart desirable 
fragrance characteristics across a variety of consumer products and across the 
‘‘lifespan” of the aroma following product use. This range of physico-chemical 
properties also gives each ingredient characteristic behaviour in the environ- 
ment (fate). Finally, it will also influence the (eco)toxicological properties 
(effect) of the material. This provides the rationale why in environmental 
sciences the focus is not on fragrances but on the fragrance ingredients. 

Recent publications indicate an increased interest in the environmental fate 
and effects of perfume ingredients, such as nitromusks (Geyer et al. 1994; 
Rimkus and Wolf 1995; Gatermann et al. 1995; Fernandez et al. 1996; Boleas et 
al. 1996). Due to extensive use in consumer products such as detergents and 
surface cleaners, these materials may be disposed down the drain and may 
end up in the environment. To assess the environmental risks for any general 
chemical associated with these practices, a risk assessment strategy has been 
developed by the scientific community with recent European Union (EU; 
1995) guidelines reflecting current practices (EU 1995). The main objective of 
this paper is to introduce an understanding of the critical steps in the tiered 
approach used in environmental risk assessments (ERA; e.g. exposure assess- 
ment, effects assessment, and risk characterization) and then provide a case- 
example of an ERA of musk xylene and musk toluene in the Dutch environ- 
ment (Tas and van de Plassche 1996). This example will clearly indicate the 
reduction in uncertainty which is achieved when a tiered approach is used. 
The reduction in uncertainty proceeds to the point where one is sufficiently 
confident that release of an ingredient does not pose a risk to the environment, 
or where risk management decisions must be taken. 




Fragrances and Environmental Issues 207 



Environmental Risk Assessment Methodology 

To accommodate the tiered data availability within the context of the environ- 
mental risk assessment, a stepwise or iterative modelling approach is adopted 
(EU 1995). The principal decision points involve a comparison of the pre- 
dicted environmental concentration (PEC) with the predicted no-effect con- 
centration (PNEC). Figure 1 shows that the PEC is calculated in the exposure 
assessment phase, and the PNEC in the effects assessment phase. The PEC is 
compared with the PNEC to obtain PEC/PNEC ratios or risk quotients in the 
risk characterization phase. 

Exposure Assessment 

The calculation of a predicted environmental concentration (PEC) is the ulti- 
mate goal of an environmental fate assessment. A step-wise approach to the 
PEC calculation is used with increased refinement of the exposure models and 
exposure parameters. More information on use, partitioning in sludge and 
soil, and physico-chemical parameters will refine the assessment. At the 
highest tier, the PEC can be compared with actual measured environmental 
concentrations (monitoring data). The tiered approach provides an iterative 




Fig. 1. Tiered approach used in the EU TGD (1995) with calculation of the PEC in the expo- 
sure assessment phase, and the PNEC in the effects assessment phase, and a final compari- 
son of PEC/PNEC ratios or risk quotients in the risk characterization phase 
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process of refinement with additional or improved data at each step, allowing 
the risk assessor to focus the correct level of resources on the materials of 
greatest interest. 

Effects Assessment 

The primary objective of effects assessment is to derive a predicted no effect 
concentration (PNEC) for receiving environmental compartments relevant to 
the material of interest. There are three environmental compartments that are 
traditionally assessed: aquatic, sediment and terrestrial. 

Aquatic and sediment effects assessments can be divided into four tiers. 
Consistent with the fate assessment, early tiers rely on modelled and acute 
toxicity data to estimate the PNEC. Later tiers use chronic and ecosystem-level 
data to derive PNECs. Though not used in the EU, other areas, including the 
United States, do use quantitative structure activity relationships (QSAR) as 
a first tier. In the second tier, acute toxicity data are generated for organisms 
representing three important trophic levels in the environment, for example, 
an algae, an invertebrate, such as Daphnia magna, and a fish. It is important to 
recognke that in contrast to human safety assessments, the ERA does not aim 
to protect one species, but aims to protecting the multiple species present in 
the environment, as well as ecosystem function. 

In the third tier, chronic toxicity data are generated which are expressed as 
‘‘no observed effect concentrations” (NOECs). An NOEC is similar to a no 
observed effect level or NOEL. Finally, field data can be generated if needed. 
Note that to date few chemicals have proceeded to this tier. 

As a consequence of the step-wise approach, environmental realism in- 
creases with each tier such that the uncertainty of extrapolating from ex- 
perimental results to the PNEC decreases concomitantly. Assessment fac- 
tors (AF) are used to represent this extrapolation and can be considered 
somewhat analogous to safety factors in human safety assessments. The 
PNEC is calculated as the quotient of the lowest appropriate effects data 
and AF. 

The AF account for uncertainties such as species to species differences, 
acute to chronic toxicity ratios and extrapolations from laboratory toxicity 
tests to the field. AFs are greatest with modelled data and acute toxicity data, 
due to greater uncertainties and knowledge of acute/chronic toxicity ratios, 
and least with chronic and model ecosystem data. Table 1 shows the AF used 
in the EU TGD. Note that the EU AF are not the only acceptable ones, for some 
areas, such as the United States, use different AFs (Cowan et al. 1995). 
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Table 1 . Assessment factors used in the EU (1995) to extrapolate from effects data to a 
predicted no effect concentration (PNEC) for the environment 


Tier 


Available data on chemical 


EU assessment factors 


1 


QSAR estimates 


Does not use SAR/QSAR data alone 


2 


Base set acute toxicity data^ 


1000 


3 


One chronic NOEC 


100 




Two chronic NOECs 


50 




Three chronic NOECs 


10 


4 


Field or mesocosm data 


Case by case 



The base set refers to the amount of aquatic toxicity data needed for notification of new 
chemicals at base set level (> 1 ton/year) according to EU (1992), e.g. 3 acute LC (EC)50’s 
for algae, invertebrates and fish. 



Risk Characterization 

To characterize the risk of use of a material the PEC/PNEC ratio or risk quo- 
tient is used. A risk quotient greater than 1 indicates a potential for adverse 
effect. For a PEC/PNEC outcome less than 1, no additional testing or refine- 
ment is required (EU 1995), and the material can be considered safe. 

The tiered ERA proceeds until a risk quotient is obtained that provides 
sufficient confidence no risk to the environment exist. In those cases where all 
practical tiers in the ERA have been exhausted and the PEC/PNEC ratio still 
indicates some risk to the environment, a risk management decision must be 
taken. Professional judgement plays an important role at the risk characte- 
rization stage. 

Environmental Risk Assessment: 

A Case Example with Musk Xylene and Musk Ketone 

The Dutch National Institute of Public Health and the Environment published 
an initial ERA of Musk Ketone and Musk Xylene in the Netherlands in ac- 
cordance with the EU guidance (Tas and van de Plassche 1996). The ERA is 
based on information and results provided by the fragrance industry (NEA, 
RIFM) and international open literature. 

Background Information and Test Methods 

Structures, important physico-chemical properties and estimated Dutch use 
volumes for musk xylene and musk ketone are presented in Table 2. Estimated 
values for physico-chemical properties were obtained by reducing the 2 di- 
mensional structure to SMILES notation and executing the appropriate QSAR 
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Table 2. Identification, some physico-chemical properties and estimated use volumes for 
musk xylene and musk ketone 



Musk ketone Musk xylene 



Identification 
CAS no. 
Structure 



SMILES 



Physico-chemical properties 
Octanol/water 
partition 

coefficient (log Kow) 
Solubihty in water (mg/1) 
Use volume 

Tonnage in the Netherlands 
(ton/y) 

Environmental fate 
Biodegradation 



81-14-1 




0=C(c(c(c(N(=0)=0)c(cl 

N(=0)=0)C(C)/ 

C)C)C)clC)C 



4.3 

4.31 (est.) 
1.9 (est.) 

5 



Not inherently 



81-15-2 




o 



0=N(=0)c(c(c(N(=0)=0)c(cl 
N(=0)=0)C(C)/ C)C)C)clC 

4.9 

4.45 (est.) 

0.49 (est.) 

3 

Not readily 



modules produced by the Syracuse Research Corporation. Measured values 
for the Log Kow were obtained using the HPLC retention method outlined in 
OECD Guideline 117. Biodegradation data were from results in an OECD 30 1C 
‘‘readily biodegradable” test (musk xylene) or an OECD 302C “inherently 
biodegradable” test (musk ketone). 

Toxicity tests were conducted on algae, daphnia and fish according to 
OECD Guidelines 201, 202 and 204, respectively (Tables 3, 4). A bioconcentra- 
tion study was performed with bluegill sunfish under flow-through conditions 
according to OECD Guideline 305. Bioconcentration factors (BCFs) were cal- 
culated from steady-state residue concentrations and average measured water 
concentrations. 

Estimates of surface water concentrations in Dutch rivers were obtained via 
execution of the Uniform System for Evaluation of Substances (USES 1.0) 
computer model developed in the Netherlands (RIVM, VROM and WVC 
1994). 
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ERA: Aquatic Environment 

For the PEC calculations it is assumed 100% of material used enters the aquatic 
environment through a sewage treatment plant with no musks remaining on 
the fabric, skin or surfaces. In this ‘worst-case’ scenario, the PEC for local situa- 
tions can be estimated as 0.00051 and 0.0001 1 mg/1 for musk ketone and musk 
xylene, respectively. 

Table 3 presents the first tier in the risk assessment. If we have data only on 
acute toxicity, the AF is a 1000, and the PNECs are then 0.000118 mg/1 and 
0.0004 mg/1. The risk quotient, PEC/PNEC, for musk ketone is above 1 which 
indicates we need a further refinement of the ERA. The PEC/PNEC for musk 
xylene is below 1, which indicates that this nitromusk does not pose a risk to 
the Dutch aquatic environment. For illustrative purposes we keep musk xyle- 
ne in the subsequent tiers. 

Table 4 presents the second tier in the risk assessment. Chronic toxicity data 
are available. The lowest NOEC value of the two accepted chronic toxicity 
values (daphnia and algae) in the ecotoxicity dataset of musk xylene was divi- 
ded by an application factor of 50 to derive a PNEC of 0.001 1 mg/1. The lowest 
NOEC value of the three accepted chronic toxicity values (fish, daphnia and 
algae) in the ecotoxicity dataset of musk ketone was divided by an application 
factor of 10 to derive a PNEC of 0.063. The final PEC/PNEC risk quotients are 
then 0.081 and 0.098, respectively. These numbers indicate that both nitro- 
musks do not pose a risk to the Dutch aquatic environment. Since monitoring 
date are available, the risk quotient can also be determined using real-world 
concentrations instead of predicted ones. 

The use of these real world concentrations confirms that the model predic- 
tions are conservative, as these concentrations are below the model predicted 



Table 3. First tier in the aquatic risk assessment for musk xylene and musk ketone which 
makes use of modelled fate and acute toxicity data only 





Musk ketone 


Musk xylene 


Exposure 






PEC (mg/1) 


0.00051 


0.00011 


Effects 






Algae (mg/1) 


3d EC5 o = 0.118 


5d EC 50 > 5.6 


Daphnids (mg/1) 


No data 


2d EC5 o>5.6 


Fish (mg/1) 


21dLC5o>0.5 


4dLC5o = 1.2 






14dLC50 = 0.4 


Assessment Factor 


1000 


1000 


PNEC (mg/1) 


0.000118 


0.0004 


Risk characterization 






PEC/PNEC 


4.3 


0.275 
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Table 4. Second tier in the aquatic risk assessment for i 
makes use of modelled fate and chronic toxicity data 


musk xylene and musk ketone which 




Musk ketone 


Musk xylene 


Exposure 


PEC (mg/1) 
Effects 


0.00051 


0.00011 


Algae (mg/1) 


3dNOEC =0.088 


5dNOEC>5.6 


Daphnids (mg/1) 


21dNOEC = 0.169 


21dNOEC = 0.056 


Fish (mg/1) 


21dNOEC = 0.063 


No data 


Assessment Factor 


10 


50 


PNEC (mg/1) 

Risk characterization 


0.0063 


0.00112 


PEC/PNEC 


0.081 


0.098 



Table 5. Third tier in the aquatic risk assessment for musk xylene and musk ketone which 
makes use of environment^ monitored concentrations and chronic toxicity data 





Musk ketone 


Musk xylene 


Exposure 






PEC (mg/1) 


0.00003 


0.00001 


Effects 






Algae (mg/1) 


3dNOEC =0.088 


5dNOEC>5.6 


Daphnids (mg/1) 


21dNOEC = 0.169 


21dNOEC = 0.056 


Fish (mg/1) 


21dNOEC = 0.063 


No data 


Assessment Factor 


10 


50 


PNEC (mg/1) 


0.0063 


0.00112 


Risk characterization 






PEC/PNEC 


0.0047 


0.0089 



ones. Using the real world date, the risk quotients are further reduced to 0.0047 
and 0.0089 (Table 5). 

In summary, using the tiered approach in the risk assessment of the nitro- 
musks the uncertainty in the predicted values was reduced and the environ- 
mental realism increased. The PEC/PNEC ratios reflect the increased realism 
with a decrease in the risk quotient. 

ERA: Soil Environmental 

For other environmental compartments such as sludge-amended soils (terres- 
trial environment) and for secondary poisoning of predators a similar tiered 
approach can be used. 
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A fraction of musk ketone and musk xylene in the waste water treatment 
plant partitions into the sludge. In the EU TGD (1995) a scenario is available 
to determine the risk for the soil ecosystem when the sludge is applied to agri- 
cultural soil. The PEC in the soil environment is estimated as 0.34 mg musk 
ketone/kg soil and 0.29 mg musk xylene/kg soil. Few data are available on soil 
toxicity of musk ketone and musk xylene. Thus, the PNEC was calculated from 
the PNEC for the aquatic environment using the equilibrium partitioning 
theory. This theory assumes that the test organisms are exposed only through 
the pore water, and that material bound to soil matter is not bioavailable. The 
reliability of such a PNEC in soil is less than one based on experimental data 
from soil organisms, hence it should be considered as an indication only (Tas 
and van de Plassche 1996). The calculated PNEC values for soil are 0.43 musk 
ketone/kg soil, and 0.23 musk xylene/kg soil. The corresponding PEC/PNEC 
ratios are 0.80 and 1.3 for musk ketone and musk xylene respectively. The 
availability of one experimental data point for musk xylene shows that the 
equilibrium partitioning theory probably overestimates the PNEC calculated 
in this manner for this substance. 

Due to the limited amount of data available regards the soil environment, 
the ERA indicates that additional data could be used to refine the PEC/PNEC 
for this compartment. However, in contrast to some other countries in Europe, 
sludge application to soil is not a common practice in the Netherlands. The 
fragrance industry (RIFM) is currently generating additional experimental 
effects data from soil organisms to further refine the soil assessment for 
other EU countries where use of sludge on agricultural land is a common 
practice. 

ERA: Secondary Poisoning 

Secondary poisoning is concerned with toxic effects in organisms at higher 
levels in the food chain, which may result from ingestion of organisms that 
contain accumulated substances. The hazard connected to bioaccumulation is 
taken into account when assessing secondary poisoning. Both nitromusks 
bioaccumulate to some extent in fish tissue. They have total body bioconcen- 
tration factors of approximately 1400 and 1600 (Tas and van de Plassche 1996). 
The ERA indicates that these compounds do not pose a risk of secondary 
poisoning of predators in the Dutch environment, as the PEC/PNEC ratios are 
well below 1 (Table 5). 

Summary 

The aim of this paper is to provide an introduction to ERA methods, the use 
of predictive screening models and a series of tests which progressively 
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Table 6. Summary of the PEC/PNEC risk quotients obtained in 
assessments of musk xylene and musk ketone 


the environmental risk 




Musk ketone 


Musk xylene 


PEC/PNEC aquatic environment 


Tier 1 


4.3 


0.275 


Tier 2 


0.081 


0.098 


Tier 3 


0.0047 


0.0089 


PEC/PNEC terrestrial environment 
Tierl 


0.80 


1.3 


PEC/PNEC secondary poisoning of predators 
Tierl 


0.015 


0.011 


Tier 2 


<0.0008 


<0.0038 



provide more data on an ingredient’s potential to bioaccumulate, its partition- 
ing and fate in relevant environmental compartments, and its toxicity to 
environmental organisms. As an example of how the ERA approach can be 
applied to perfume ingredients, we have presented an EU TGD style assess- 
ment of the nitromusks musk xylene and musk ketone in the Dutch environ- 
ment. This case example clearly illustrates the increased refinement which 
results from increasing environmental realism for both the fate and effects 
portions of the assessment, thus improving the overall risk characterization 
(Table 6). 
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Fragrances - Future Aspects 

I. R. White 



The Present Situation 

The Sixth Amendment to the Cosmetics Directive (Council Directive 93/35/ 
EEC of June 14th 1993), which came into force in 1997, is an important and 
powerful piece of legislation. It will have an enormous impact on the safety of 
cosmetics, provide necessary information to the consumer and enable a better 
evaluation of adverse reactions to cosmetics. Ultimately, the consumer will 
benefit from enhanced protection and this will cause significant savings in 
costs to health care. 

It is accepted by those who investigate adverse reactions that the most com- 
mon allergens in cosmetic products are in fragrance compounds. It is salutary 
to note that some fragrance compound manufacturers do not consider that 
fragrances are important allergens. This may be because they themselves 
receive no or little ‘feedback’ about reactions to the particular compounds 
which they supply or doubt the clinical relevance of diagnostic patch test in- 
vestigations. 

In an initial draft of the Sixth Amendment of the Cosmetics Directive 
there was a proposal that greater information on the composition of 
fragrance compounds be provided. This was omitted from the final docu- 
ment. This omission resulted from the lobbying activities of the fra- 
grance compound manufacturers as represented by EFFA (European 
Fragrance and Flavour Association) [RIFM (Research Institute for Fragrance 
Materials) 7th International Information Exchange, 1995]. Because of such 
manoeuvres, fragrances are exempt from meaningful regulation in Europe 
and elsewhere. 

The fragrance industry remains self-regulated. The International Fragran- 
ce Association (IFRA) has a code of practice and produces guidelines on the 
use of certain fragrance ingredients. Although the larger manufacturers may 
be members of the association and adhere to the code and guidelines, others 
may not. It is unknown what proportion of fragrance compounds are provided 
by non-IFRA members and what proportion of compounds comply with the 
IFRA guidelines. 
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There remains an absence of information, which IFRA justifies in its 1984 

statements on confidentiality: 

J. The task of the fragrance industry is to provide a key contribution necessary 
for many cosmetic and household products, 

2. Fragrances are products obtained by combining numerous mw materials of 
natural or synthetic origin in a well balanced ratio. Genuine research efforts 
have been invested in identifying and synthesizing the most appropriate 
fragrance ingredients as well as in combining them in the most efficient 
way. 

3. The products of the fragrance industry are based on intensive and large 
scale scientific research, as well as on creative skill. The development of 
a fragrance formula is very expensive and it constitutes a valuable intellectual 
property. 

The protection of the intellectual property of the fragrance industry is of 
vital importance for this industry. 

The extent of secrecy maintained for formula files is fully commensurate 
with this investment. Stringent precautions are taken to safeguard the con- 
fidential nature of the formulas and only a few employees are allowed access 
to an entire formulation. 

4. The protection of the intellectual property of the fragrance industry is only 
possible by maintaining this secrecy, since in most cases patent protection 
cannot be obtained. 

It may be argued that persons within government authorities who receive 
confidential information, are bound to observe secrecy with regard to any 
confidential and proprietary information they might learn during this work. 
In our view, this obligation, notwithstanding the best of intentions, provides 
an insufficient guarantee against such information leaking out. Individuals 
may change positions, carrying their experience with them. Moreover a 
breach of confidence may be practically impossible to prove. 

5. The disclosure of the intellectual property of the fragrance industry contri- 
butes nothing to the protection of consumers. Consumer protection can only 
be achieved by adhering to certain specific rules. Detailed legislation on 
fragrances does not exist even in the highly industrialized countries. 
Fragrances are only covered in general terms by the cosmetic regulations 
of many countries. None of these regulations require the disclosure of 
fragrance formulas. In some countries, e.g. France, the law recognizes that 
the secrecy of fragrance formulas should be safeguarded. 

6. The Guidelines of the IFRA Code of Practice set standards for the safe use 
of fragrance ingredients. These Guidelines are established following a re- 
view by the Technical Advisory Committee of IFRA of all safety data ob- 
tained from RIFM, the fragrance industry and from the scientific literature. 
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Adherence to the Guidelines protects the consumer against known hazards 
which might arise from the use of fragrances. The fragrance industry ob- 
serves the Guidelines in the interest of consumer protection; they are widely 
accepted throughout the world, 

7, At present no country requires formula disclosure. If however this should 
be required, it is possible that very simple inadequate fragrances will be 
offered for sale, below the actual state of the art, leading to inferior finished 
products. This is not only detrimental to the interest of consumers, who 
would not enjoy the best fragrances available, but may also be harmful to the 
cosmetic and household products industry and its export capability. 

Formula disclosure will not improve the safety of fragrances. In the absence of 
an overriding and substantial benefit, such a regulation will bring serious loss 
not only to the cosmetic and household products industry, but also to the con- 
sumer, Research and development will be adversely affected so that product 
development will come to a standstill. 

Under the current legislation a certificate of conformity must be provided 
by the fragrance compound supplier for each compound it provides for cos- 
metic use. This certificate contains statements certifying that the compound 
conforms to the IFRA guidelines and to the Cosmetics Directive. Manufac- 
turers have, however, no obligation to respect guidelines in the absence of pos- 
sible health risk (RIFM 7th International Information Exchange, 1995). It also 
gives the maximum concentration that the compound may be used in within 
a particular product. The blanket secrecy remains in that there is no informa- 
tion on the presence of particular substances which may be of concern re- 
garding health or other issues. 

The safety evaluation of fragrance ingredients is not legally required (RIFM 
7th International Information Exchange, 1995). IFRA guidelines provide ina- 
dequate and insufficient toxicological information. So far the main objective of 
RIFM and IFRA has been to assure product safety for skin contact (RIFM 7th 
International Information Exchange, 1995). Although the skin reactions in- 
duced by certain ingredients are well known, the same is not true of the toxi- 
cological data concerning systemic effects, and this is a serious matter. The 
great majority of fragrance ingredients placed on the market have not been 
evaluated at all or poorly so. 

A Wider Opinion on Fragrance Ingredient Safety and Regulation 

The fragrance industry knows the law and has been careful to act within it. It 
is a damning indictment that the most important cosmetic allergens have 
escaped adequate legislation. What can be done to change this unsatisfactory 
situation? 
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The Scientific Committee on Cosmetology (SCC) is an independent ‘expert’ 
committee which advises the general directorate, DGXXIV, at the European 
Commission. It is this directorate which is concerned with consumer policy. 
The SCC produces guidelines for the safety evaluation of cosmetic ingredients 
as well as assessing the safety of particular cosmetic ingredients. At the plen- 
ary of the SCC on 5 February 1997 the following was adopted: 

According to the Code of Practice for the fragrance industry: 

Fragrance manufacturers should provide customers with all available in- 
formation to ensure that fragrance materials are used in accordance with 
standards of good practice. 

In its guidelines for communicating the IFRA status of a fragrance com- 
pound, IFRA recommends consideration - in particular - on: 

- a statement that the fragrance complies with the IFRA guidelines for the 
mentioned application and used concentration, 

- a reference to the bases of the IFRA guidelines, RIFM data and other 
available sources .... 

Without questioning the principle of intellectual property underlying the 
derogation concerning the qualitative and quantitative formula of fragrance 
compounds [dir. 93/35/EEC, art. 7a, 1(a)], several measures should be con- 
sidered with a view to providing something more than a safety guarantee of 
a purely legal nature and to informing the person responsible for safety with 
regard to human health. 

3.1. Certificate of conformity 

The existing certificate of conformity with IFRA standards attached to a fra- 
grance compound should be systematically supplemented by 

• a semi-quantitative declaration which also highlights those fragrance 
ingredients which have been subject to restrictions in the IFRA code of 
practice and, in a more general way, those which have an established 
potential to cause contact sensitization and (or) phototoxic reactions 
(e.g. F.I. listed in the European Standard Fragrance Mix) 

e.g. Essential oil from the bark of cinnamonum zeylanicum < 1% 
Evernia prunasti concrete (oak moss extract) <3% 

Methyl oct-2-ynoate < 0,01 % 

Geraniol % 

Eugenol... % 

a-amyl-cinnamaldehyde ... . % 
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• an indication of the cosmetic product types in which it may he used. 

While safeguarding the formula's confidentiality, the safety assessment 
should be confirmed on the fragrance compound considered as a whole, and 
the data and the scientific reasoning should be included in the conformity 
certificate, 

3.2. Safety assessment of perfumed cosmetics 

The exact concentration of the perfume composition (= fragrance compo- 
und) in the cosmetic product should be indicated [art, 7a, l,(a) Dir, 93/3 
5/EEC], 

In the safety assessment of the cosmetic product for human health (art 
7a, I (d). Dir, 93/35/EEC), 

• reference should be made to semi-quantitative formula of the fragrance 
compound naming the fragrance ingredients declared in the certificate of 
conformity (see 3,1 above) and consideration should be taken to their 
toxic potential, 

• reference should be made to the safety assessment of the fragrance com- 
pound considered as a whole. 

The aim of self-regxilation of the fragrance industry is not to determine the 
potential hazard of fragrance ingredients, but rather to find safe conditions for 
their use (RIFM 7th International Information Exchange, 1995). This opinion 
of the see permits an independent evaluation of fragrance compound safety 
over any which a supplier may provide. 

About 10% of individuals with eczema investigated by diagnostic patch test 
investigations are found to be allergic to one or more of the standard indica- 
tors for fragrance allergy. The prevalence of fragrance allergy in the general 
population is not known but may be about 2 %. The fact that fragrance allergy 
is important is seen in the simultaneity of fragrance allergy and cosmetic der- 
matitis. The IFRA guidelines have obviously failed to provide protection for 
this enormous cohort of individuals. It could be argued that but for the guide- 
lines the situation would have been worse. Some companies have fragrance 
ingredient restrictions which are tighter than in the IFRA guidelines. 

Whilst in-depth toxicological evaluation of fragrance ingredients is desira- 
ble in the long term, in the short term it is possible to take measures on the 
basis of currently available information. These data exist for the 70 or so per- 
fume ingredients which have been subject to internal recommendations by the 
industry. The self-regulation of the fragrance industry is still ahead of govern- 
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mental regulations. Several fragrance ingredients restricted bylFRA have been 
regulated years later by the European Cosmetics Directive (RIFM 7th Interna- 
tional Information Exchange, 1995). 

Legislation already exists to provide more control and information on 
fragrance ingredient use than has hitherto been available. Annex 2 of the 
Cosmetics Directive is a listing of those substances which must not be present 
in cosmetic products. The IFRA guidelines provides tables of a series of sub- 
stances which the association recommends should not be used. Although the 
photoallergic property of musk ambrette was known in 1979 and several years 
later the IFRA guidelines recommended that this ingredient should not be 
used, the substance was slowly removed from some existing fragrance com- 
pounds over a number of years by incrementally decreasing the concentration 
whilst other compounds remained unmodified. There was a legal prohibition 
in 1993 when it was included in Annex 2. Substances to be included in Annex 2 
must be assessed first by the SCC. Those ingredients which IFRA recommends 
should not be used need to be added to Annex 2 and such an action could not 
be seen by the industry to be controversial. 

It is clearly advisable to inform consumers of the presence of allergy inducing 
ingredients (on the basis of information in monographs drafted by the fragrance 
manufacturers themselves and on published data from clinical studies) and to 
propose measures designed to provide this information to the consumer. 

Annex 3 of the Cosmetics Directive provides a way of controlling the use of 
certain substances in regards to the type of product in which they may be used 
and the concentration maximum which may be present in the finished pro- 
duct. It also provides a means of including information on a cosmetic products 
label. Those substances for which the IFRA guidelines provide restriction on 
use should be included in Annex 3, again after review by the SCC. It is curious 
that all the ingredients in the standard fragrance mix used in diagnostic patch 
test investigations are not present in the IFRA guidelines. Therefore, also to be 
included in Annex 3 should be those other substances which have a well re- 
cognised potential to cause skin sensitization, other cutaneous toxic effects, or 
for which there is concern about other aspects of toxicity. 

Under current legislation all ingredients in a cosmetic product must be 
identified on the product label and the internationally agreed INCI termin- 
ology is obligatory for this use. 

The exception is that fragrance compounds are identified merely by the 
word‘parfum’. Inclusion of a substance in Annex 3 allows a means of providing 
more information in that it can require that the presence of that ingredient 
be identified as such on the product. Hence, following the word ‘parfum’ the 
caution could be added ‘contains isoeugenoV. It would also be possible to 
extend the caution to ‘contains isoeugenol - risk of sensitization'. The latter 
would be controversial and of dubious benefit. 
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Using the cautions available through Annex 3 could provide information on 
those fragrance compounds which contain the well-recognised allergens. This 
would permit a greater understanding of the sources of exposure to these sub- 
stances, information which is notable for its absence presently. The epidemio- 
logical data generated could have an important impact on consumer protec- 
tion and preventative medicine. A possible sequel to Annex 3 inclusion is that 
the fragrance manufacturers will then omit those substances present in Annex 
3 to avoid label identification. If such allergen substitution is performed wise- 
ly, using substances which have been demonstrated to be safe, the important 
fragrance allergens could be removed from the cosmetic market. 

Individuals are exposed to fragrance substances in household, industrial 
and other products and in cosmetics. The regulation of fragrance ingredients 
in these non-cosmetic products does not exist and manoeuvres to provide 
control and information above the IFRA guidelines will be difficult. However, 
in a reorganisation of the European Commission, all those scientific com- 
mittees which advise the Commission on aspects relevant to consumer health 
are now under DGXXIV. This will create a better transfer of information and 
opinion between the different divisions of consumer policy. 

The Fragrance ingredient Inventory 

An inventory of fragrance ingredients has been published by the European 
Commission on the basis of a listing produced by industry. This is an indica- 
tive but not exhaustive list of the chemical substances which the fragrance 
industry may be using. In itself this inventory is purely a catalogue and pro- 
vides no information on the quantities of these substances used or for what 
purposes. This inventory is remarkable for its lack of practical purpose. 

Information should be provided on the most widely used fragrance ingre- 
dients in terms of the quantities used and for what purposes. The fragrance 
industry has been very reluctant to communicate this information, although 
the number of individuals with allergies caused by perfume ingredients justi- 
fies requests for such information and the provision of such relevant informa- 
tion to consumers. 

The inventory of fragrance ingredients needs to be modified to provide 
useful information on the quantities of the ingredients used and for what pur- 
pose. EFFA has promised that during 1997 it will provide some details about 
the quantities used of the most common fragrance ingredients and it is hoped 
that the association will also provide information as to the types of products 
they are used in. Only with such basic detail will it be possible to assess popu- 
lation exposure and the possible risks to the consumer. 
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A Change in Philosophy 

The fragrance industry has maintained a protectionist stance which is now 
archaic and out of tune with the ethos of the consumer’s right to know and 
need to be protected. It has and remains a powerful lobby which has persuaded 
legislators that its self-regulation is satisfactory for consumer protection. The 
enormous problem of fragrance sensitivity is a clear demonstration that self- 
regulation has failed. By forceful moral pressure on the industry and by 
controlled use of the Annexes in the Cosmetics Directive it will be possible to 
improve on the present sorry and unsatisfactory situation. 

A ‘think tank’ has been set up consisting of a balanced representation of 
dermatologists, fragrance-compound manufacturers and users to address 
aspects of the ‘problems’ and ‘needs’. It is hoped that with goodwill and 
sincerity discussions will take place which will answer the present difficulties 
and provide better understanding and protection for the consumer. 
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— verbena oil 202 

— fragrance ingredients with sensitizing 
potential 202, 203 

— allyl heptine carbonate 202 

— amyl cyclopentenone 202 

— p-ferf-butyl-dihydrocinnamaldehyde 
202 

— cassia oil 202 

— cinnamic alcohol 202 

— cyclamen alcohol 202 

— cinnamon bark oil, Ceylon 202 

— cyclamen alcohol 202 

— trans-2-hexenal 202 

— a-hexylidene cyclopentanone 202 

— hydroxycitronellal 202 

— isocyclogeraniol 203 

— isoeugenol 203 

— menthadienyl formate 203 

— methyl heptadienone 203 

— methyl heptine carbonate 203 

— p-methylhydrocinnamic aldehyde 
203 

— 3-methyl-2(3)-nonenenitrile 203 

— methyl octine carbonate 203 

— oak moss extracts 203 

— l-octen-2-yl acetate 203 

— opoponax 203 

— perilla aldehyde 203 

— Peru balsam 203 

— propylidene phthalide 203 

— rose ketones 203 

— styrax 203 

— 1 -tr imethylcyclohexenyl(hexadienyl) - 
2-buten-l-ones 203 

— verbena absolute 203 

— fragrance ingredients with specific 
purity criteria 203 

— acetylated vetiver oil 203 

— allyl esters 203 

— cade oil 203 

— carvone oxide 203 
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IFRA 

— cinnamic aldehyde 203 

— cinnamic aldehyde-methyl 
anthranilate schiff base 203 

— citral 203 

— farnesol 203 

— limonene 203 

— nootkatone 203 

— phenylacetaldehyde 203 

— pinacea derivates 203 

— savin oil 203 

— sclareol 203 

— guidelines 193,197,220 

— other materials not used as or in 
fragrance ingredients 202 

— allylisothiocyanate 202 

— chenopodium oil 202 

— cinnamylidene acetone 202 

— esters of 2-nonynoic acid, exept 
methyl octine carbonate 202 

— esters of 2-octynoic acid, exept 
methyl and allyl heptine carbonate 
202 

— ethylene glycol monoethyl ether and 
its acetate 202 

— ethylene glycol monomethyl ether and 
its acetate 202 

— 3,7-dimethyl-2-octen-l-ol 202 

— diphenylamine 202 

— - furfurylideneacetone 202 

— methylmethacrylate 202 

— phenylacetone 202 

— phenyl benzoate 202 

— thea sinensis absolute 202 

— phototoxic fragrance ingredients 202 

— 5-acetyl- 1,1,2,3,3,6-hexamethyl indan 
202 

— Angelica root oil 202 

— Bergamot oil expressed 202 

— bitter orange oil expressed 202 

— citrus oil 202 

— cumin oil 202 

— grapefruit oil expressed 202 

— lemon oil cold expressed 202 

— lime oil expressed 202 

— marigold oil and absolute 202 

— methyl-i^-methyl anthranilate 202 

— rue oil {see there) 202 

— restriction 193 
insecticide 107 
insects 25 



“International Fragrance Research 
Association” {see IFRA) 59, 175, 183, 
193,197,201-203,216,220 
ionone 95, 96 

- ionone a 95, 96 

- ionone p 95, 96 
irritant dermatitis 69, 71 
Iso E super 78, 85, 94 
isoamyl salicylate 96 
isobornyl acetate 95 
isocyclogeraniol 203 

isoeugenol 53, 78, 79, 80, 102, 1 14, 169, 
199,203,221 

a-isomethyl-ionone 95 
6-isopropyl-2-decalol 60, 62, 201 
isosafrole 199 

J 

jasmine 73, 87, 88, 96, 1 14 

- absolute 73, 96 

- oil 87,88 

- hypoallergenic 88 

K 

kairomones 37 
L 

labdanum resinoid 188 
lanolin 79 

laundry detergents 132 
lavandin oil 95, 96 
lavender 114 
lemon 

- oil 76,95,96,202 

- cold presses 76, 202 

- lemon grass oil 95, 96 

- perfume 71 

light reactions, persistent 71 
ligustral 79 
lilial 59,60,79,95 

- lilial [15] 59 

lime oil, expressed 77, 202 
limonene 59, 95, 96, 1 10, 171, 203, 205 

- (5-limonene 106,107,129,205 

- l.dipentene 59,95,96 

- 1. hydroperoxide 110 

- 1. oxide/oxidation 107,110 
linalool 94,115 

linalyl acetate 95 
lipocalin 24 

LENA (local lymph node assay) 167 
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lotion 69, 1 14 

- aftershave 69 

lupus erythemathosus (SLE) 85, 86 
lymph node assay, local (LENA) 167 
lyral 78, 82, 94, 98 

M 

machines 107 
magnetometer 8 
majantol 79 
malodor 21 

marigold oil and absolute 202 
mass spectrometic (MS) method 1 14 
massage oil 114 

maximization test, human 153 ff., 160, 184 
melanosis, RiehVs 72 
menstrual cycle 25, 29, 3 1 

- odour 25 

menthadienyl formate 203 

1 - menthol (48 h) 129 
metabolism 132 

- benzyl acetate 132 

- cinnamaldehyde 132 

- coumarin 132 

- dibutylphthalate 132 

- diethylphthalate 132 

- dimethylphthalate 132 

- hydroxycitronellal 132 

4- methoxyacetophenone 59 
methoxycitronellal 73, 87 
7-methoxycoumarin 60,201 

2- methoxynapththalene 129 

1 - (4-methoxyphenyl) - 1 -penten-3 -one^ 

60 

5- methoxypsoralen 73, 175 
a-methylanisylidene acetone 201 
methylbenzoate 115 

6- methylcoumarin 71, 76, 169, 175, 201 

7- methylcoumarin 201 
methylcrotonate 59,201 
4-methyl-7-ethoxycoumarin 201 
methylheptadienone 203 

- 6-methylheptadienone 60 

2- methylheptanoic acid 23 
6-methyl-5-hepten-2-one (MHO) 44, 45 
methylheptine carbonate 85, 87, 203 

3- methylhexanoic acid 23 

- (Z)-3-methyl-2-hexonic acid 23 

4- methyl-3,5-hydrocinnamaldehyde® 60 
p-methylhydrocinnamic aldehyde 203 
methylionone y 95 



methylmethacrylate 202 
methyl-iST-acetylanthranilate 188 
methyl N-methylanthranilate 60 
3-methyl-2(3)-nonenenitrile 60, 203 
methyloctine carbonate 95, 96, 194, 203 
methylsalicylate 87 
MHO (6-methyl-5-hepten-2-one) 44, 45 
microorganisms 21 
mouse fibroblast model 177 
musks 4, 60, 71 - 73, 79, 95, 96, 122, 123, 
136- 139, 142, 169, 175, 177, 199, 201, 203, 
209 

- m. ambrette 71-73, 79, 95, 96, 122, 137, 
169,175,177,199,201,203 

- m. ketone 60,137,209 

- m.moskene 136 

- m.tibetene 136 

- m. xylene 60, 95, 123, 136, 137, 142, 209 

- human adipositas tissue 142 

- human blood 142 

- human milk 142 

- liver tumor 123 

- nitro musk {see there) 138 

- polycyclic musks 138,139 

- resorption 136 ff. 

- synthetic musk fragrances 136 
mutagenicity 122 

N 

narcissus absolute 79, 85, 87 
nepetalactol 37 
nepetalactone 37 
neurotoxicity 123 
nitro musk 138 

- fish 138 

- mussels 138 

- shrimps 138 
nitrobenzene 201 

NOAEL (“No Observed Adverse Effect 
Level”) 122 
nootkatone 203 
nucleophilic sites 52 

O 

oak moss 52,71,78,79,80,203 

- absolute 79, 80 

- extracts 203 

occluded application test of Buehler 166 
occlusion 128 
n-octanoic acid 23 
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l-octene-2-yl acetate 203 
1 -octene-3-yl acetate 60, 62 
7-octenoic acid 23 
odours 

- ASOB 1 23 

- ASOB 2 23 

- axillary 2 Iff. 

- body 21,28 

- menstrual cycle 25 
OECD 176 

OERMF (“Olfactory Event Related 
Magnetic Fields”) 9 
OERP (“Olfactory Event Related 
Potentials”) 9 
oil 

- acetylated vetiver oil 203 

- allantroot oil 201 

- Angelica root oil 76,202 

- armoise oil 85, 87 

- bay oil (see there) 85, 87, 188 

- of Bergamot (see there) 76,175,199, 
202,204 

- cade oil 203 

- canango oil 73, 87 

- cassia oil 202 

- cedar wood oil 96 

- chenopodium oil 202 

- cinnamon bark oil, Ceylon 202 

- citrus oil 202 

- clove bud oil 80 

- costus root oil (see there) 85, 87, 201 

- cumin oil 76,202 

- essential oils 205 

- eucalyptus oil 87 

- geranium oil 73, 87, 95 

- grapefruit oil expressed 202 

- jasmine oil (see there) 87, 88 

- lavandin oil 95, 96 

- lemon oil (see there) 76, 95, 96, 202 

- lime oil, expressed 77,202 

- marigold oil and absolute 202 

- massage oil 114 

- olibanum oil 188 

- orange oil (see there) 77, 96, 202 

- Patchouli oil 73,87 

- rue oil 77,202 

- sandal wood oil 73,79,87 

- savin oil 203 

- spearmint oil 80,85,87 

- tagetes oil 77 

- turpentine oil 205 



- verbena oil 77,201 

- ylang-ylang oil (see there) 73, 79, 86 - 88 
olfactometer 8, 38 

olfactory 

- bioresponses 16 

- cortical areas 13 

- OERMF („“01factory Event Related 
Magnetic Fields”) 9 

- OERP (“Olfactory Event Related 
Potentials”) 9 

- stimulation 6 

- structure 6 
olibanum oil 188 
opoponax 203 
orange oil 96, 77, 202 

- bitter orange oil expressed 202 

- bitter orange peel oil 77 

P 

paint, solvent in 107 
parasitoids 36, 38 

para-tertiary butyl-methylhydrocinnam- 
aldehyde (see BMHCA) 123 
Patchouli oil 73, 79, 87 
PCBs (polychlorinated bihphenyls) 141 
pearlide 139 

PEC (predicted environmental concentra- 
tion) 207 
penetration 51,107 

- enhancer 107 

- skin penetration 51 

pentyl cyclopentanone propanone 60 
pentylidene cyclohexanone 201 

- 2-n-pentylidene cyclohexanone 60 
perfume allergy 100 

perfumers 3 

perillaaldehyde/perillaldehyde 60, 203 
persistent light reactions 71 
Peru balsam 72, 79, 203 
pesticide 141 
petrolatum 79 

2-phanoxyethyl isobutyrate 129 
phantolide 139 
phenylacetaldehyde 60, 203 
phenylacetic acid 23 
phenylacetone 202 
phenylbenzoate 202 
2-phenylethanol 129 
phenylethyl alcohol 7, 95, 1 15, 123 

- 2-phenylethyl alcohol 60 
pheromones 2 1 , 24, 28, 36, 38, 39 
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— alarm pheromone 39 

— sex pheromone 38 
photoallergy 175, 178 
photocontact dermatitis 69, 71 
photohaemolysis 177 
photoirritation 175 
photomutagenicity 179 
photosensitization 199 
phototoxic/phototoxicity 76, 77, 176, 199, 

202 

— contact dermatitis {see there) 76, 77 

— 5-acetyl- 1 , 1 ,2,3,3,6-hexamethylindane 
76 

— Angelica root oil 76 

— Bergamot oil expressed {see there) 
76,199,202,204 

— cumin oil 76 

— fig leaf absolute 76 

— lemon oil cold presses 76 

— lime oil, expressed 77 

— methyl iST-methylanthrailate 77 

— orange peel oil, bitter 77 

— rue oil 77 

— tagetes absolute 77 

— tagetes minute absolute 77 

— tagetes oil 77 

— verbena oil 77 

— erythrocyte membrane phototoxicity 
176 

— fragrance integredients {see IFRA) 203 
phthalate 

— dibutyl 129, 132 

— diethyl 129,132 

— dimethyl 129, 132 

— dimethylisophthalate 169 
pigmentary incontinence 83 
pigmented cosmetic dermatitis 69, 72, 73 
pinacea derivates 199, 203, 204 
a-pinene 205 

plants 38 

p-methylhydrodnnamic aldehyde 203 
PNEC (predicted no-effect concentration) 
207 

polychlorinated bihphenyls (PCBs) 141 
polycyclic musks 138, 139 
predicted 

— environmental concentration (PEC) 

207 

— no-effect concentration (PNEC) 207 
predictive assays/tests 62, 166, 193 
primrose 1 14 



pro-haptens 51 
propylidenephthalide 203 

- 3 -propylidenephthalide 60 
pseudoionone 201 
pseudomethylionones 59, 202 
psychological effects, fragrances 28 
p-ferf-Butylphenol 59,201 
p-fert-Butyl-dihydrocinnamaldehyde 202 
pthalate 128 

- dibutyl 128 

- diethyl 128,185 

- dimethyl 128 

Q 

QSAR (“Quantitative Structure Activity 
Relationship”) 57, 208 
quenching phenomenon 1 66 ff. 

R 

3R principles 179 
RED-219 87 
rhinitis 73 
RiehVs melanosis 72 
RIFM (“Research Institute for Fragrance 
Materials”) 121, 182, 197, 216 
risk assessments 1 56, 1 68, 2 1 1 

- aquatic 211 
rose 

- crystals 188 

- ketones 203 
rue oil 77, 202 

S 

safrole 199 

- dihydrosafrole 199 

- isosafrole 199 
salicylaldehyde 96 
salicylate 59 
sandalore 79 
sandalwood 114 
sandalwood 85 

- oil 73,79,87 
sandela 79 
santalol 73 
savin oil 203 
sclareol 203 
semiochemicals 36 
sensor array 13 
sesquiterpene lactone mix 72 
sex pheromone 38 

sexual partners 29 
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shampoo 114 
shaving foams 69 
skin 

- animal tests for skin sensitization 166 

- equivalent 178 

- hyper-irritable 154 

- metabolism 131 

- penetration 51 

- reservoir 127 

SLE (lupus erythemathosus) 85, 86 
soaps 69, 93, 136 
solvent 106, 107, 184 

- fortesting 184 

- in paint 107 

sorbitan sesquioleate 78, 79 
spearmint oil 80, 85, 87 
spices 70 

standards in testing 182 
strawberry 114 
stress buffer 114 

structure-activity relationships 126 
styrax 203 
sunscreen 76 
systemic toxicity 199 

T 

terpenes 44 
terpenoid 37 
terpineol 95 
terpinyl acetate 95 
tests 

- animal tests for skin sensitization 166 

- Buehler test 166,184,186 

- guinea pig maximization test 58, 153 ff. 

- human maximization test 153 ff., 160, 
184 

- human repetivitve insult patch test 
(HRIPT) 161, 169 

- patch testing 92 

- predictive tests 62, 193 

- solvent for testing 184 

- standards in testing 182 

- usage tests/use test 102, 162 

- yeast growth inhibition test 176 
thea sinensis absolute 202 

three moss extracts 203 
tonalide 95, 139 
toxic/toxicity 

- chronic toxicity data 208 

- cutaneous toxicity 132 



- neurotoxicity 123 

- phototoxicity (see there) 76, 77, 176, 
199 

- systemic toxicity 199 

- toxicological program 198 
trans-asarone 199 
frans-2-heptanal 60,201 
trflns-2-hexenal 59,199,202 

- diethylacetal 59,201 

- dimethylacetal/dimethylacetalb 60, 202 
traseolide 140 
trimethylaminuria 21 

1 -trimethylcyclohexenyl(hexadienyl) -2- 
buten-l-ones 203 
3,5,5-trimethylhexyl acetate 59 
turpentine 154 

- oil 205 

U 

10-undecenoic acid 23 
unsaturated C9- and Cio acid 23 
urticaria 72, 73 

- contact urticaria 72 
usage tests/ use test 1 02, 1 62 
UV/visible absorption spectroscopy 176 

V 

vanilla 114 
vanillin 7,11,13 
vanoris 95, 96 
verbena 

- absolute 203 

- oil 77,201 
verdox 96 
versalide 60 

- (acetylethyltetramethyltetralin/AETT) 
122, 140 

vertofix 78, 94, 95 
vetivers 87 

violet leaves absolute 79 
volatile 

- bouquet 44 

- signals 36 

Y 

yeast growth inhibition test 176 
ylang-ylang oil 73, 79, 86 - 88 

- hypoallergenic 88 

Z 

(2) -3 -methyl-2 -hexonic acid 23 
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